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ABSTRACT 
 
 While the benefits of both cardiovascular exercise and resistance training have 
been well documented, there is a lack of evidence for the order of exercise that is most 
effective when both are done in the same day.  This study was designed to look at two 
groups of participants performing both resistance (R) and cardiovascular (C) training in 
the same day to determine if their order, resistance before cardiovascular (R-C) or 
cardiovascular before resistance (C-R), matter with regard to changes in body 
composition, maximal strength, and maximal aerobic capacity.  The participants were 
17 women between the ages of 30 and 55 years, with a BMI of ≥25 or body fat 
percentage ≥30% and no apparent risk of heart disease.  They were randomly assigned 
into two groups (R-C = 9; C-R = 8) performing 30 minutes of cardiovascular exercise at 
60-70% of their estimated VO2MAX and 7 exercises for 3-4 sets of 6 repetitions at their 6-
repetition maximum with the R-C group performing the resistance training first and the 
C-R group performing the cardiovascular training first.  There were three days of testing 
pre- and post-intervention for body weight, percent fat, fat mass, lean body mass, 
maximal bench press, maximal deadlift, and VO2MAX.  There were no significant 
differences between groups in any of the variables, although there were trends toward 
significance in the maximal deadlift (R-C +13.5±8.6kg, ES = 1.15; C-R +6.8±5.6kg, ES = 
0.42) and VO2MAX (R-C +2.8±2.4 ml/kg/min, ES = 0.41; C-R +0.9±1.0 ml/kg/min, ES = 
0.31).  Neither group lost significant amounts of body weight.  However, there were 
 v  
significant pre- to post-intervention changes in percent fat, fat mass, lean body mass, 
maximum deadlift, maximum bench press, and VO2MAX for the C-R group and percent 
fat, fat mass, maximum deadlift, maximum bench press, and VO2MAX for the R-C group.  
There were also practically significant between group differences with the C-R group 
improving more in body fat percentage (ES = 0.89) and lean body mass (ES = 0.68) and 
the R-C group improving more in 1RM deadlift (ES = 1.50) and VO2MAX (ES = 1.57).  
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CHAPTER ONE 
INTRODUCTION 
 
Obesity is a national epidemic in the United States.  Various public health 
agencies, professional organizations, and researchers have tried to find ways to lower 
obesity rates by implementing weight loss programs, issuing statements regarding the 
costs and risks of obesity, and researching the effectiveness of various programs in 
order to empower individuals to lose weight and improve other health outcomes.  The 
Centers for Disease Control state that 35.7% of Americans are obese as of their 2009-
2010 report. 1 According to a systematic review by Dee et al., those with an elevated 
body mass index (BMI) are at an increased risk for co-morbid conditions. 2   Finklestein 
et al. state that as of 2006, the annual cost of obesity for full-time employees in the 
United States was $73.1 billion, with 61% of those costs for those with a BMI of >35 
kg/m2 (morbidly obese). 3  As part of their Obesity Education Initiative, the National 
Institutes of Health (NIH) issued the Clinical Guidelines on the Identification, Evaluation, 
and Treatment of Overweight and Obesity in Adults in 1998 to help physicians and 
health professionals with caring for patients who are overweight or obese.  They state 
that being overweight or obese increases the morbidity of heart disease, diabetes, 
hypertension, certain types of cancer, stroke, and other health issues. 4 Lowering the 
prevalence of obesity could, theoretically, lower the costs of obesity-related diseases.   
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Lowering the prevalence of overweight and obesity can be done in numerous 
ways.  Some recommend dietary strategies alone, others physical activity alone, and 
still others using medical or pharmaceutical interventions alone (or some combination of 
the above).  In the previously mentioned NIH guidelines, a combination of dietary 
changes, increases in physical activity, and behavioral therapy seems to be the most 
successful. 4  The research appears to back up the need for a combination of modalities 
instead of just focusing on one intervention to lose weight.  In their review of clinical 
trials with a one-year follow up, Franz et al. showed that moderate weight loss can be 
achieved via a combination of diet and exercise but long term maintenance can be 
difficult. 5  Studies looking at the individuals on the National Weight Control Registry 
have shown that those who maintain their weight loss over time have a tendency to use 
both physical activity and dietary strategies in order to be successful in weight loss and 
maintenance. 6  Successful weight loss maintenance also appears to be accomplished 
by increasing physical activity, decreasing daily kilocalorie intake, decreasing dietary fat 
intake, eating breakfast, self-monitoring of weight changes, and being consistent with 
eating and exercise patterns.7   
The NIH guidelines and the strategies used by those on the national weight loss 
registry are not generally known by the average individual, however, since the popular 
media does not promote them.  Because they are not sure what works for weight loss, 
Americans flock in droves to weight loss centers, diet programs, diet books, and other 
weight loss businesses making weight loss a multi-billion dollar industry.  While this can 
be beneficial for the product manufacturers and weight loss centers, often the average 
person is not successful in their weight loss because of being confused by what works 
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and what does not for achieving their weight loss goals.  Should they try the current 
popular diet program?  What about the latest and greatest exercise programs promoted 
nightly in infomercials?  With each of these programs claiming to be the best, 
consumers who are battling weight issues can often be confused about what to try.  
They often give up on their weight loss goals because they are overwhelmed by the 
options.   
This confusion felt by consumers can be compounded when they go to the local 
gym and hear different recommendations from strength and conditioning professionals, 
personal trainers, group exercise instructors, and other gym staff.  Also, there is a lack 
of consistency among certification organizations about what exercise plan is best for 
body fat loss.  While recommendations exist for the ordering of aerobic and resistance 
exercise for performance outcomes,8,9 current research on the ordering of these modes 
of exercise for the purposes of improving body composition is lacking. 
 
Problem Statement 
Primarily, research on weight loss from exercise has focused on body fat loss 
from cardiovascular exercise.  More recently, the focus has changed and research has 
shown10,11,12 that resistance training, circuit training, and high-intensity interval training 
can also increase body fat loss, while possibly maintaining or even gaining lean body 
mass.  Research on training13,14 with both resistance and cardiovascular exercise in the 
same session has focused primarily on the various performance outcomes of the 
training such as changes in oxygen consumption or strength, with very few studies 
including changes in body composition.  When they do include body composition, 
 4  
researchers have yet to show if the order of exercise matters with regard to body fat lost 
through concurrent training.  In order to find the most effective order of exercise for body 
fat loss, the current study focused on utilizing protocols that have been shown to 
decrease body fat mass and increase fat-free mass sequenced in a concurrent plan in 
order to determine if there is a most effective order of exercise during concurrent 
training for improving body composition. 
 
Study Variables 
 The independent variable for the study is exercise order.  One level completed 
cardiovascular exercise before resistance exercise (C-R) and the other completed 
resistance exercise before cardiovascular exercise (R-C).  The dependent variables of 
the study related to body composition were lean mass, fat mass, and body fat 
percentage.  The other primary dependent variables of the study were upper and lower 
body maximal strength as measured through the one repetition maximum bench press 
and one repetition maximum deadlift.  The secondary dependent variable was aerobic 
capacity. 
 
Hypotheses 
H01: There will be no difference in fat mass lost based on exercise order.  
HR1:  There will be a difference in fat mass lost based on exercise order. 
H02: There will be no change in body fat percentage based on exercise order.  
HR2:  There will be a change in body fat percentage based on exercise order. 
H03: There will be no difference in lean body mass based on exercise order.  
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HR3:  There will be a difference in lean body mass based on exercise order. 
H04: There will be no difference in the gains in upper body maximal strength (as 
measured by bench press 1RM) based on exercise order.  
HR4:  There will be a difference in gains in of upper body maximal strength (as 
measured by bench press 1RM) based on exercise order. 
H05: There will be no difference in the gains in lower body maximal strength (as 
measured by deadlift 1RM) based on exercise order.  
HR5:  There will be a difference in the gains in lower body maximal strength (as 
measured by deadlift 1RM) based on exercise order.  
H06: There will be no difference in the change in maximal aerobic capacity (as 
estimated by 1.5 mile walk/run and calculation of VO2MAX) based on exercise order.  
HR6:  There will be a difference in the change in maximal aerobic capacity (as 
estimated by 1.5 mile walk/run and calculation of VO2MAX) based on exercise order.  
 
Conceptual Model 
 Exercise of all types uses a combination of macronutrients to fuel the movement.  
The ratio of fat to carbohydrate used is determined by the intensity and duration of the 
exercise.  The lower the intensity and longer the duration of exercise, the higher the 
percentage of fuel for the activity that is from fat.  The higher the intensity and shorter 
the duration of exercise, the higher the percentage of fuel for the activity that is from 
carbohydrate.  Depletion of carbohydrate in the form of glycogen available to fuel the 
activities can lead to fatigue while utilizing primarily anaerobic metabolism, therefore 
leading to more aerobic metabolic activity for continued exercise.  According to the 
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National Strength and Conditioning Association (NSCA), “following the onset of activity, 
as the intensity of the exercise increases, there is a shift in substrate preference from 
fats to carbohydrates.  During high-intensity aerobic exercise, almost 100% of the 
energy is derived from carbohydrates if an adequate supply is available.  However, 
during prolonged, submaximal, steady-state work, there is a gradual shift from 
carbohydrates back to fats and protein as energy substrates.” 9(p29)  As resistance 
training is primarily anaerobic, with depletion of muscle glycogen being a primary 
limiting factor for further exercise,9(p33-34) it can be surmised that performing resistance 
training prior to lower intensity cardiovascular exercise can cause the same effect, 
shifting the metabolic processes from primarily anaerobic metabolism of carbohydrates 
during the resistance training to primarily aerobic metabolism to break down fat for the 
energy to complete the workout leading to greater body fat loss.  
 
Operational Definitions 
  “Cardiovascular exercise” is defined as “any vigorous aerobic exercise, which 
near-maxes the heart rate–eg, basketball, bicycling, cross-country skiing, dancing, 
hiking, jogging, race-walking, racquetball, running, skating, soccer, stair-climbing, 
volleyball.” 15  For the purpose of program design for this study, “cardiovascular 
exercise” included exercise performed on a treadmill, elliptical machine, cycle 
ergometer, or track at an intensity of 60-70% of VO2MAX as estimated via the 1.5 mile 
walk/run with the MET level, speed, percent grade, and/or wattage for the specific piece 
of equipment used determined by the ACSM metabolic equations. 8(p158),16 
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“Aerobic exercise” is defined as “a generic term for cardiorespiratory exercises—
e.g., rapid walking, jogging, running, bicycling, swimming, and dancing—which are 
performed at 60–70% of maximum heart rate for 20 to 30 or more minutes.” 17  For the 
purpose of program design for this study, the terms “aerobic exercise” and 
“cardiovascular exercise” were used interchangeably following the above definition of 
60-70% of VO2MAX as estimated via the 1.5 mile walk/run test. 
“Resistance training” is defined as “a method of improving muscular strength by 
gradually increasing the ability to resist force through the use of free weights, machines, 
or the person's own body weight.” 18  For the purpose of program design for this study, 
“resistance training” was completed at a workload of 3-4 sets of 6 repetitions at an 
intensity of 100% of six repetition maximum (6-RM) as described in chapter 15 of 
NSCA’s Essentials of Strength Training and Conditioning and consisted of 7 exercises 
focused on large, multijoint exercises that were expected to result in increases in 
maximal muscular strength, lean body mass, and a reduction in fat mass. 9(p332-411) 
“Concurrent training” is defined as cardiovascular exercise and resistance 
training performed either in the same exercise session or within hours of each other. 19   
For the purposes of this study it did not include resistance training and cardiovascular 
exercises that were done on different days or were alternated throughout the workout 
such as circuit or interval training, but focused exclusively on training sessions where 
resistance training and cardiovascular exercises are completed in a single bout with one 
type of training preceding the other with a separation between the two of no more than 
15 minutes. 
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Assumptions 
 Because the resistance training exercise bout was based on the 6-RM of the 
participants, it was assumed that the participants gave their true maximum effort during 
the initial 1-RM and 6-RM tests. 
 Because the cardiovascular exercise bout was based on the VO2MAX estimated 
from the 1.5 Mile Walk/Run test, it was assumed that the participants gave their true 
maximum effort during the 1.5 Mile Walk/Run test.  It was also assumed that the1.5 Mile 
Walk/Run test provides a valid estimate of VO2MAX. 
 Because the loss of body fat is also dependent on nutritional status, it was 
assumed that the participants would follow the nutrition plans designed for them and log 
their food intake accurately. 
 
Limitations 
 A limitation of the present study was that measurement of expired gases and 
thus calculation of respiratory exchange ratio and direct assessment of VO2MAX were not 
undertaken during the actual exercise sessions, so we were unable to determine the 
exact percentage of VO2MAX at which the participant was working or the substrate that 
was predominately fueling the activity.  Another limitation of this study was that the 
VO2MAX was estimated from a 1.5 mile walk/run test on a treadmill instead of actually 
being measured for the exercise prescription.  The use of a treadmill for this test was 
also a limitation because of not being as difficult as a 1.5 mile walk/run on a traditional 
track where the participant would have to propel their body weight through space.  The 
study was also limited by the distance between the resistance training lab and the 
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cardiovascular equipment in the recreation complex, which might have allowed too 
much rest between modalities of training.  As the participants were not observed while 
they were doing the cardiovascular workout, or while they were walking between the 
two parts of the facility, the exact amount of rest between modalities is unknown. 
 
Delimitations 
 While it is optimal to have a broad spectrum of participants without regard to age, 
gender, or health status, for convenience purposes there were delimitations placed on 
this study with regard to the subjects.  The participation sample included only women 
who were at low risk for cardiovascular events. Should one order of exercise prove to 
be more effective, the study can then be repeated with a different group of participants 
to see if the same is true across multiple populations for extrapolation to the general 
public.  The study participants may have some experience in training in a gym 
environment, but may or may not have performed all of these tests, exercises, or food 
tracking logs previously.  
 
Significance 
 This study examines the question of whether there is an optimal order of exercise 
to promote a greater loss in adipose tissue.  While this is primarily a health issue for 
those who are obese, even those with a normal BMI can struggle with excess adiposity.  
“There is little question that substantial excess adiposity increases mortality.  The 
prevalence of overweight and obesity continues to rise and is reaching epidemic 
proportions in developed and developing countries.  Due to the strong association of 
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obesity and cardiovascular disease, type 2 diabetes, and other chronic diseases, this 
trend suggests a substantial increase in obesity-related morbidity and mortality for the 
future.” 20  Management of obesity as a disease requires a multifaceted approach to 
improve weight loss results.  Specifically, it should be a combined effort of the medical, 
nutritional, psychological, and exercise science communities helping overweight or 
obese patients in making healthy lifestyle changes that include not only modification of 
eating habits but also increasing physical activity. 20  The role of exercise professionals 
in this lifestyle change is to prescribe effective workout regimens that will elicit 
reductions in adiposity.  Looking at the order of exercise that will help to increase the 
amount of weight loss that is coming from adipose tissues as opposed to lean tissue via 
this study allows exercise professionals to better target their clients’ training protocols to 
improve health outcomes by focusing on the order of exercise that increases fat burning 
or improves other desired outcomes.  
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CHAPTER TWO 
 
REVIEW OF LITERATURE 
 
Cardiovascular Training 
Historically, the research on the specific details of how and why exercise affects 
the human body has been focused on single modality activities, primarily cardiovascular 
exercise.  Cardiovascular exercise has proven to have other benefits besides body fat 
reduction, such as improved cardiac health, reduction of risk for cancer, diabetes 
mellitus, etc.  The purpose of this study, however, was to optimize fat metabolism to 
reduce adiposity by implementing a cardiovascular program that will elicit the best 
results in fat oxidation. 
 
The effects of cardiovascular exercise on fat metabolism.  In their study on 
the effects of cycling exercise at varying intensities on fatty acid (FA) oxidation, Sahlin 
et al. found “that whole body relative FA oxidation was correlated with that in isolated 
mitochondria.  The correlation was observed during exercise at 80 and 120 W and was 
even stronger when interpolated to the same relative intensity (i.e., 35% VO2MAX).  The 
absence of a correlation at 40 W and at rest may be explained by the relatively low 
contribution of muscle respiration to whole body respiration at these low rates of energy 
expenditures.” 21  This shows that there is a link between increasing mitochondrial fat 
oxidation rates through muscle movement during cardiovascular cycling exercise and 
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increasing total body fat oxidation.  As the fatty acids utilized in fat oxidation while at 
rest and during exercise are coming from the body’s adipose tissue,22 this can be 
extrapolated to show that excess adipose tissue will be utilized during exercise at 80 
and 120 watts on a cycle ergometer, leading to a reduction in body fat mass. 
 In their study “Exercise training increases intramyocellular lipid and oxidative 
capacity in older adults,” Pruchnic et al. showed an increase in the lipid oxidative 
capacity of muscle after a 12-week cycle exercise 
intervention.23   While it did not examine the effect of increased mitochondrial oxidative 
capacity on total body composition, it can be assumed based on the previously 
mentioned Sahlin et al.21 article that increased oxidative capacity can lead to increased 
body fat usage during exercise leading to lower body fat levels over time. 
Van Aggel-Leijssen et al. looked at the effect of 12 weeks of different intensities 
of cardiovascular exercise on fat metabolism in obese men and found that fat oxidation 
at rest did not differ between high and low intensity groups.  However, “during exercise, 
after low-intensity exercise training, fat oxidation was increased by 40% (P < 0.05) 
because of increased non-plasma fatty acid oxidation (P < 0.05).  High-intensity 
exercise training did not affect total fat oxidation during exercise.” 24  This could lead 
one to wonder if performing lower intensity, longer duration cardiovascular exercise 
prior to the short bursts of high intensity resistance training activities would also 
increase fat oxidation during the time the participants were performing their resistance 
training activities.  In addition, while there were no significant changes in body 
composition during this study, looking at the data shows that there was a slight 
decrease in body fat percentage for the low intensity training group, a slight increase in 
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body fat percentage for the high intensity training group, and virtually no change in body 
fat percentage for the control group. 24   While these were not statistically significant 
changes, it does show a possibility that increasing fat oxidation during exercise 
increases body fat loss over time, specifically in those who perform cardiovascular 
exercises at lower intensities. 
 
Optimal cardiovascular intensity for achieving maximal fat oxidation.  
According to Asker E. Jeukendrup’s review article “Regulation of Fat Metabolism in 
Skeletal Muscle”, published in the Annals of the New York Academy of Sciences, “At 
rest and during exercise, skeletal muscle is the main site of oxidation of fatty acid (FA). 
In resting conditions and especially after fasting, FAs are the predominant fuel used by 
skeletal muscle. During low-intensity exercise, metabolism is elevated several fold 
compared to resting conditions, and fat oxidation is increased. When the exercise 
intensity increases, fat oxidation increases further, until exercise intensities of about 
65% VO2MAX, after which a decline in the rate of fat oxidation is observed.” 22  Similar to 
the Ronijn et al. study from 1993 that Jeukendrup referenced, a more recent Ronijn et 
al. study measured the rate of appearance of free fatty acids (FFA Ra) in endurance 
trained women working at 25, 65, and 85% of maximal oxygen uptake.  They found that 
“FFA Ra was signiﬁcantly increased to the same extent in low- and moderate-intensity 
exercise, during high-intensity exercise, FFA Ra was reduced compared with the other 
exercise values.” 25  These two articles would seem to indicate an ideal intensity of 
cardiovascular exercise to maximize fat oxidation would be 65% of VO2MAX. Therefore, 
the current study utilized cardiovascular intensities between 60-70% of estimated 
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VO2MAX in order to elicit the highest rate of fatty acid oxidation from the cardiovascular 
exercise modality. 
In their study of male cyclists working at various percentages of their maximum 
wattage on a cycle ergometer, van Loon et al. found that at intensities greater than 55% 
of maximal workload the total body fat oxidation rate decreased while muscle glycogen 
and plasma glucose oxidation rates increased. 26  Switching to a walking protocol for 
cardiovascular exercise, Maffeis et al. found that the greatest fat oxidation rate in 
prepubertal obese boys was at 4 kilometers per hour and that increasing the speed did 
not improve fat oxidation any further. 27  These two studies in combination with the 
Romijn et al.25 and Jeukendrup22 articles above seem to indicate that regardless of the 
marker of intensity (VO2MAX, WMAX, or km/h), the intensity level of the exercise should be 
kept in a low to moderate range in order to optimize fat oxidation rates.  Therefore, the 
current study utilized an intensity range of ±5% from the 65% of VO2MAX as indicated by 
the Romijn et al.25 and Jeukendrup22 articles. 
Gender differences in maximal fat oxidation rates.  In their study of the 
maximal fat oxidation rate and the intensity of exercise on the treadmill at which 
maximal fat oxidation (MFO) was reached in a group of 300 healthy men and women, 
Venables et al. found that “on average, MFO was 7.8 ± 0.13 mg • kg fat-free mass 
(FFM)-1 • min-1 and occurred at 48.3 ± 0.9% maximal oxygen uptake (VO2MAX), 
equivalent to 61.5 ± 0.6% maximal heart rate.  MFO (7.4 ± 0.2 vs. 8.3 ± 0.2 mg • kg 
FFM-1 • min-1; P < 0.01) and FatMAX (45 ± 1 vs. 52 ± 1% VO2MAX; P < 0.01) were 
significantly lower in men compared with women.  When corrected for FFM, MFO was 
predicted by physical activity (self-reported physical activity level), VO2MAX, and gender 
 15  
(R2 = 0.12) but not with fat mass.  Men compared with women had lower rates of fat 
oxidation and an earlier shift to using carbohydrate as the dominant fuel.”28  Melanson 
et al. also showed that women have a greater capacity for fat oxidation in their study. 29  
Instead of focusing on fat oxidation during exercise as in the Venables et al.28 study, 
however, Melanson et al. looked at the overall fat oxidation for a full day.  They reported 
that women (as compared to men), “sustained slightly higher rates of 24-h fat oxidation 
(mg • kg FFM-1 • min-1) and had a muscle enzymatic profile favoring fat oxidation.” 29  
With the goal of this study to maximize fat burning in order to see the differences 
between study groups, the studies by Venables et al.28 and Melanson et al.29 appear to 
indicate that women were the ideal group of study subjects. 
   
Dietary considerations for weight loss with cardiovascular exercise.  When 
looking at weight loss, cardiovascular exercise is often combined with dietary 
modifications in order to see the best results.  In their article examining the effects of 12 
weeks of aerobic exercise combined with a reduced-calorie diet on older obese adults, 
Solomon et al. divided their participants into two groups – a eucaloric group and a 
hypocaloric group, both of which performed the same 60-minute aerobic workout at 
approximately 75% of their VO2MAX.  Both groups logged their food intake for 3 days 
prior to the study to determine their normal caloric intake.  The eucaloric group was 
instructed to continue eating at their normal levels while the hypocaloric group was 
instructed to decrease their intake by 500 kilocalories per day.   They found that body 
composition improved more in the group that combined cardiovascular exercise with a 
hypocaloric diet (a loss of about 6kg fat mass) than with the eucaloric diet (a loss of 
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about 2kg fat mass). 30   As the goal of this study was to optimize body composition 
improvements, a hypocaloric diet was recommended through the use of a diet based on 
the participants resting metabolic rate with the kilocalories burned from the exercise 
protocol added and 500 kilocalories subtracted from the total for the day.     
 
Resistance Training 
Research on the effects of resistance training on the human body has primarily 
focused on the benefits for strength and power.  Some of those studies31,32 have 
included information on the changes in body composition from resistance training 
programs, specifically increases in fat free mass.  There are conflicting results with 
regard to decreases in body fat mass, but there is evidence demonstrating that 
resistance training does change body composition.   
Regardless of whether the body composition changes are due to the resistance 
training workouts increasing lean mass or the increase in energy expenditure from 
adding resistance training to the normal activity of the participants causing decreases in 
fat mass, the benefits in disease risk make strength training vital for the overall health of 
the participants.  For example, Makovey et al. studied 93 pairs of opposite gender twins 
to determine the relationships between body composition and bone mineral density.  
Their research showed that regardless of gender or age, those with greater lean mass 
had greater bone mineral density, which decreases their risk of osteopenia and 
osteoporosis. 33    As the current study utilized a female study sample and knowing that 
women are at greater risk for osteoporosis and osteopenia than men, this shows that 
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even if the training itself does not cause body fat loss, it is advisable to include 
resistance training for this study group to decrease their risk of osteoporosis.   
Hakkinen et al. also looked at the benefits of resistance training for women 
specifically suffering from fibromyalgia.  They compared 21 women with fibromyalgia to 
12 women without fibromyalgia doing resistance training twice a week for 21 weeks.  
Both groups increased strength, but the group with fibromyalgia also decreased their 
perceptions of pain and fatigue. 34  In addition to showing that resistance training is 
beneficial for reducing symptoms in those with fibromyalgia, this study indicates that 
resistance training is also safe for those with the disease should they wish to participate 
in a concurrent training program as described in this study for body fat loss. 
 
The effects of resistance training on energy expenditure.  In 1993, Melby et 
al. completed two different experiments looking at the post exercise metabolic rate of 
men.  The first experiment had participants perform six sets of 10 exercises at 70% of 
1RM with failure coming between 8 and 12 repetitions and the full workout lasting 
approximately 90 minutes.  The second experiment followed the same protocol with the 
exception of only using five sets instead of 6 as in the first experiment.  Both groups had 
elevated post-exercise metabolic rates during the 2-hour recovery period (approximately 
34 kilocalories for both groups) and increased resting metabolic rates the day after their 
exercise sessions (an average of 9.4% increase for group one and 4.7% increase for 
group two).35 
In 1994, Campbell et al. looked at the effects of resistance training on energy 
expenditure in 12 men and women between the ages of 56 and 80 years old.  In 
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addition to showing that the average increase of fat-free mass was approximately the 
same as the decrease in fat mass causing weight to be stable, they showed that 
resistance training caused a need to increase energy intake by approximately 15% in 
order to maintain a stable body weight.   Due to these results, Campbell et al. indicated 
that resistance training should be added to programs for older adults in order to 
increase energy expenditure, decrease body fat, and assist in weight control 
programs.36 
In 1997, Van Etten et al. looked at the effects of an 18-week resistance program 
on men between the ages of 23 and 41 years.  They used an exercise group of 18 men, 
with a subgroup of 12 of those in the exercise group being tested for their average daily 
metabolic rate in addition to the other testing parameters.  The non-exercising control 
group consisted of 8 men.  In addition to changes in body composition, the exercising 
group showed a significant increase in their average daily metabolic rate (AMDR).  The 
energy expenditure during exercise, however, only accounted for 40% of the increase in 
AMDR, indicating that a portion of that increase was due to changes in resting 
metabolic rate, possibly from changes in body composition.37 
While looking at the effect of resistance training on energy expenditure in young 
women, Poehlman et al. found that while those in an endurance training group 
increased their VO2MAX by 18% and those in the resistance training group increased 
their 1RM leg press by 29%, 1RM bench press by 39%, 1RM shoulder press by 29%, 
and 1RM seated row by 27%, there were no significant changes in total daily energy 
expenditure for either group. 38  They did show an increase in the absolute resting 
metabolic rate of those in the resistance training group, but this was accounted for by 
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the increase in lean body mass in the resistance training group, which lead them to 
believe that the energy enhancing benefits of resistance training are from the direct 
energy cost of exercise and not a chronic elevation of the total daily energy 
expenditure.38 
Hunter et al. looked at 15 men and women between 61 and 77 years old doing a 
resistance training program consisting of three 45 minute workouts a week for 26 
weeks, and found that while resting energy expenditure increased by 6.8% and fat free 
mass increased by approximately 2 kilograms, the increase in resting energy 
expenditure was not fully accounted for by the increase in lean mass.  In addition, they 
found that even with the increase in fat free mass, the participants did not gain overall 
body weight because of equivalent decreases in body fat mass.  The participants also 
had a decrease in the respiratory exchange ratio from 0.86 to 0.83 indicating a possible 
shift toward greater fat oxidation during the exercise sessions.39 
Ades et al. seem to have similar results to the Hunter et al. article in their study of 
older women with coronary heart disease.  Ades et al. studied 51 women averaging 72 
years of age in either a resistance training group or a control group doing a yoga 
workout.  The resistance training group trained 3 days a week for 6 months doing 8 
exercises to cover the total body with the intensity increasing from 1 set of 10 repetitions 
at approximately 50% of their 1RM to 2 sets of 10 repetitions at approximately 80% of 
their 1RM.  The control group completed a 30-40 minute light yoga and stretching 
workout 3 days per week for the 6 months of the study.  The resistance training group 
increased their total energy expenditure by 177 ± 213 kcal/day with 50 ± 74 kcal/day of 
the increase coming from an increase in resting metabolic rate even without increases 
 20  
in lean mass and a 123 ± 214 kcal/day of the increase coming from an increase in 
physical activity energy expenditure. 40  While there were no differences in the body 
composition changes between groups, this study shows the potential for weight loss 
from a calorie balance perspective, especially if dietary interventions are also added to 
produce a hypocaloric state.  It also shows that resistance training is safe for those with 
coronary heart disease so that they may be able to add resistance training to their 
weight loss programs. 
Kirk et al. studied the effect of a short, 1 set session of resistance training on 
resting metabolic rate and respiratory quotient in young, sedentary, overweight adults.  
They showed that one set of 3-6 RM for 9 exercises done 3 days per week for six 
months increased the 24 hour energy expenditure, resting metabolic rate, and sleep 
metabolic rate and that the change in respiratory quotient indicated that there was also 
an increase in fat oxidation from the resistance training program. 41  This increase in fat 
oxidation could explain why some of the research shows body fat losses equal to lean 
mass increases resulting in changes in body composition but not in body weight. 
Ormsbee et al. also showed an increase in energy expenditure and fat oxidation 
for both groups in their study comparing sedentary lean and sedentary obese men even 
though their exercise protocol was only one workout session. 42  This increase in fat 
oxidation from resistance training appears to be similar to the increase in fat oxidation 
from cardiovascular activities, which could lead to similar decreases in body fat mass 
when using either resistance or cardiovascular exercise protocols. 
DaSilva et al. compared two different protocols for resistance training to see if 
there were differences in the excess post-exercise oxygen consumption (EPOC) based 
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on the order of the exercises in two groups.  Each group used the same exercises at 3 
sets of 12 reps at 50% of 1RM for the mono-articular exercises and 55% of 1RM for the 
bi-articular exercises.  The pre-fatigue group (PE) did the bi-articular exercises first 
followed by the mono-articular exercises.  The circuit group (CT) alternated primarily 
upper body and primarily lower body exercises.  Both groups increased EPOC but there 
were no differences between groups. 43  While body fat percentage was not mentioned 
specifically, this study would indicate that the increases in energy expenditure that can 
be associated with losses of body fat mass do not vary based on the order of resistance 
training exercises.  Therefore, there was no indication of a need for a specific order of 
the resistance training exercises for this study. 
 
The effects of resistance training on body composition.  The previously 
mentioned Hunter et al. Van Etten et al. and Poehlman et al. studies also indicated 
increases in fat free mass in addition to the changes in energy expenditure. 37,38,39  Both 
the Hunter et al. study and the Van Etten et al. studies also indicated that with the 
increase in fat free mass there was no change in total body weight, which would 
indicate that there was a loss of fat mass equal to the increase in lean mass. 37,39  
 Marx et al. studied 34 healthy, untrained women to compare 24 weeks of single 
set circuit training to a more traditional periodized high-volume multiple set training 
program with regard to several factors.  The single set circuit group completed 3 days a 
week of training with failure coming between 8 and 12 reps.  The multiple set group 
completed 4 days a week of training split between heavy days (3-5RM), moderate days 
(8-10RM), and light days (12-15RM).  Both groups decreased body fat at the 12-week 
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mark, but the multiple set group saw a 3-fold decrease in body fat compared to the 
single set group.  The only change in lean body mass was also seen in the multiple set 
group, with an increase showing at the 12-week mark. 10 
In 2009, Kerksick et al. compared the effects of resistance training on college-
aged and middle-aged men.  The groups completed two upper-body and two lower-
body workouts per week for 8 weeks.  The first four weeks consisted of 3 to 6 sets at 
the 10-repetition maximum with the second four weeks consisting of 3 to 6 sets at the 8-
repetition maximum.  In addition to the increases in 1RM and lean mass in both groups, 
the middle-aged men lost significantly more body fat than the college-aged men. 31  
While these results were for men and not women as this study worked with, it does 
indicate that an older population may be more favorable for seeing fat losses from 
resistance training. 
Candow et al. compared the results of 22 weeks of 3 days a week (3 sets of 10 
repetitions at 70% 1RM) of resistance training in men between 60 and 71 years old to 
measurements of the same factors in non-resistance trained men in their 20s and 
showed how lean tissue can increase with a resistance training program.  After 12 
weeks of training, the older men still had significant deficits in lean tissue and strength 
compared to the younger men.  However, by the twenty-second week, the lean tissue 
mass in the older men was similar to that in the younger men. 44  This shows that 
adding resistance training at any age can be beneficial for increasing lean body mass.   
In their study of 30 healthy, young men, Lo et al. compared the changes in body 
composition from an endurance training program with those from a resistance training 
program and a non-exercise control group.  The resistance training group completed 3 
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workouts per week of 10 machine weight exercises.  They began with 8 weeks of circuit 
training, followed by 8 weeks of 1 set of 10 repetitions at 75% of 1RM, and the final 8 
weeks of 2 sets of 4 repetitions at 90% of 1RM.  The endurance training group ran on a 
treadmill for 30 minutes at an intensity of 70-85% of heart rate reserve 3 times a week 
for the full 24 weeks.  Their results showed that there was no significant difference in 
body fat percentage or body fat mass change between the exercise groups with both 
decreasing in those groups while increasing in the control group.  The resistance 
training group, however, had a significant increase in total body lean mass and 
specifically lean mass in the arms when compared to both the control group and the 
endurance training group.  After the 24 weeks of training, all three groups underwent a 
24 week detraining period.  At the end of the detraining period, the resistance training 
group maintained a significant change in lean mass when compared to the control and 
endurance training groups. 32  This would indicate that adding resistance training to this 
study would help the participants maintain gains in lean body mass, and therefore any 
possible increases in energy expenditure from those increases in lean body mass, even 
if they decide to discontinue training after the study ends.  This could help them 
maintain body fat loss for a longer period of time than cardiovascular exercise or dietary 
strategies alone. 
Alcaraz et al. compared the effects of circuit-style training with traditional strength 
training in men who were accustomed to resistance training.  Both groups completed 8 
weeks of training, 3 times per week, completing 3 to 6 sets at their 6-RM.  The 
traditional strength group completed all of the sets for each exercise before moving on 
to the next exercise and had a rest period between sets of 3 minutes.  The circuit-style 
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group completed only one set of each exercise before moving on to the next exercise 
and had a rest period between sets of only 35 seconds.  Once one set of each exercise 
was completed, the circuit group repeated the whole group of exercises for the 
remaining sets continuing with the alternating pattern.  While both groups increased 
their lean mass and decreased their fat mass, the only significant decrease in fat mass 
was in the circuit training group. 45  As there did not appear to be a difference in the 
EPOC based on exercise order in the DaSilva et al.43 study mentioned earlier, this 
would seem to indicate that a decrease in rest periods between sets could be the factor 
that helps improve fat loss.  Another consideration when comparing these two studies 
43,45 in relation to inducing fat loss was the energy expenditure, as differences in this 
variable may explain some of the changes observed related to fat mass. DaSilva et al.43 
reported that energy expenditure was equivalent in both groups, whereas the Alcaraz et 
al.45 investigation did not report on energy expenditure values.    
While looking at the effects of different types of resistance training on multiple 
strength and body composition variables, Colado et al. compared groups of older 
women training twice per week for 10 weeks using weight machines, elastic bands, or 
aquatic devices designed to increase drag forces.  Their findings included changes in 
body composition with a significant increase in lean body mass for the weight machine 
and elastic band groups and a significant loss of body fat for all three groups, with the 
weight machines group losing the most body fat—a change of 5.15%—while the other 
groups experienced less than half that loss of body fat. 46  This shows that even among 
types of resistance training that heavier weight activity improves body composition 
better than the lower weight, higher repetition activity that is often recommended.  
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Therefore, the current study focused on heavier weight training as previously described 
in order to elicit a larger decrease in body fat percentage in the participants. 
Dietary considerations for weight loss with resistance training.  In the 
review article, “Resistance Training Is an Effective Tool against Metabolic and Frailty 
Syndromes” Jan Sundell states “Since resistance training increases muscle mass, it 
does not result in weight loss without caloric restriction. However, resistance training, 
even without caloric restriction, has favourable effect on body composition since it 
decreases fat mass including abdominal fat.” 47  The lack of weight loss from resistance 
training that Sundell mentions is due to the increases in lean mass while decreasing fat 
mass that was previously mentioned while reviewing the Hunter et al. and Van Etten et 
al. studies. 37,39  Caloric restriction, as was previously mentioned in the Solomon et al.30 
study with cardiovascular exercise, can lead to increases in body fat loss, which may 
lead to total body mass loss as well by exceeding the increases in lean body mass from 
resistance training.  This can be an additional benefit of the hypocaloric diet used in the 
current study. 
 
Concurrent Training 
Few individuals participate in only one type of training such as cardiovascular 
exercise or resistance training.  Therefore, research on fat loss through exercise should 
focus more on a combination of training types.  A lot of this research has focused on 
circuit or interval training workouts where resistance training and cardiovascular 
exercise are alternated throughout the workout instead of the concurrent pattern that the 
current study used where one modality is completed before the other.  For example, 
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while studying the effects of concurrent training on elite male runners, Sedano et al. 
called their training programs concurrent training when in reality the protocols described 
are more focused on endurance, endurance resistance, or interval training.  The three 
experimental groups included Endurance Group (EG), using their standard strength 
circuit that was normally done according to the point the athletes were in their season; a 
Strength Group (SG), using barbell and weight machine resistance training for 3 sets of 
7 repetitions with 70% of 1-RM alternated with plyometric exercises in an interval 
format; and Endurance-Strength Group (ESG), using the same resistance training 
exercises as the strength group minus the plyometrics but for 3 sets of 20 repetitions at 
40% of 1RM.  “Results did not reveal interaction effects for body mass or body fat 
percentage.” 48  Without specific reporting of the changes in body composition after 
training, it is hard to determine whether circuit or interval training is effective in 
improving body composition from this study.  However, this study does indicate that no 
matter the format of circuit or interval training, the changes are equivocal when 
compared to a lower resistance, more endurance based strength program.  Whether the 
same assumption of equality would hold true for a more traditional strength workout with 
heavy resistance either preceded by or followed by a more traditional steady state 
cardiovascular workout, however, remains to be seen. 
 
Effects of concurrent training on physiological and performance 
parameters.  Primarily, research on concurrent training has been on the effects on 
performance.  While not specifically a performance marker, Wang et al. looked at the 
mitochondrial changes in the body that can affect performance by adding resistance 
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training to an endurance program.  With 10 healthy subjects performing either 
endurance only (1 hour of cycling) or concurrent training of the same endurance 
program followed by resistance training (6 sets of leg press at 70-80% of 1RM), they 
found that adding resistance training after endurance training amplified the signaling 
pathways for mitochondrial biogenesis. 49  Increasing the biogenesis of mitochondria in 
the muscles can, theoretically, increase the ability of the muscle to aerobically produce 
ATP by using excess adipose tissue, as well as improving cardiovascular measures of 
performance like maximal aerobic capacity. 
 Davis et al. compared the effects of serial concurrent exercise, where the study 
group completed resistance exercise before cardiovascular exercise, with a group they 
labeled integrated concurrent exercise, where the study group completed alternating 
sets of resistance training with brief aerobic cardioacceleration (increasing heart rate 
between resistance sets with aerobic activity), on cardiovascular fitness measures.  
Their results showed that while both groups saw improvements, integrated concurrent 
training improved cardiovascular measures of fitness greater than serial concurrent 
training. 50   The format of the integrated training workouts would make it more of an 
interval workout that would not be convenient in a traditional gym setting.  Therefore, 
while that style of training shows greater cardiovascular improvements in this Davis et 
al.50 study, the current study followed a method more closely resembling the serial 
concurrent training workouts as they most closely resemble what might be done by the 
average gym attendant. 
 In 2010, Wong et al. compared a control group of professional soccer players 
doing their normal soccer training to that of an experimental group to see if there was 
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any detriment to their performance from the added exercise.   The experimental group 
added 4 sets of 6RM for strength and 16 high intensity intervals of 15-second sprints at 
120% of their maximum aerobic speed alternated with 15 seconds of rest to their normal 
soccer training.  The experimental group increased in all measured parameters, 
including 1RM strength tests, vertical jump height, 10-m and 30-m sprint times, and 
maximal aerobic speed, leading them to conclude that adding high-intensity interval 
training and heavy resistance training did not cause decreases in performance in 
professional soccer players. 13   
In 2010, Shaw and Shaw compared the effects of aerobic training, resistance 
training, and concurrent training with a non-exercising control group on changes in 
VO2MAX.  The aerobic group completed a 45-minute workout, three times per week, at 
approximately 60% of their age-predicted maximum heart rate.  Exercise heart rate was 
adjusted upward by 5% every four weeks for the duration of the 16 weeks of training.  
The resistance group performed 3 sets of 15 repetitions of 6 different exercises at 60% 
of their estimated 1RM with 60-90 seconds rest between sets and 3 sets of crunches at 
60% of their 1 minute maximum repetitions.  Their 1RM was reassessed every 4 weeks 
in order to adjust the training weights.  The resistance training workouts were also 
approximately 45 minutes in duration.  The concurrent training group completed 22 
minutes of resistance training, consisting of 2 sets of 15 repetitions of the same 
exercises as the resistance group also at 60% of their 1RM and 22 minutes of 
cardiovascular activity at 60% of their age-predicted heart rate maximum.  As with the 
other groups, the intensity was increased every four weeks.  The non-exercise control 
group had a decrease in VO2MAX at the conclusion of the study.  The three exercise 
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groups, however, all had improvements in their VO2MAX with the resistance training 
group improving the least by ~13%.  The concurrent group improved by ~30% and the 
aerobic group improved by ~34%.  While the aerobic group improved VO2MAX 
significantly more than the resistance training group and the no exercise group, there 
were no significant differences between the aerobic group and the concurrent group. 
This finding indicates that concurrent training does not decrease cardiovascular 
performance when compared to other types of aerobic training. 51 
While the Davis et al.50 Wong et al.13 and Shaw & Shaw51 studies show that 
concurrent training can improve performance on cardiovascular measures, there are 
studies that contradict those findings.  One such contradictory study is the 2009 study 
done by Levin et al. looking at the effects of adding resistance training to the current 
cycling program of well-trained male endurance cyclists.  While the 1RM increased for 
the group adding the resistance training, their performance for a 1-km final sprint 
decreased compared to the control group who did not perform the resistance training in 
conjunction with their normal endurance training. 52  This would indicate that adding 
resistance training could have detrimental effects in cycling performance for well-trained 
cyclists. 
 In addition to studying the effects of concurrent training on cardiovascular 
performance, some research has also focused on the effect of concurrent training on 
resistance performance.  The 2013 study done by Jones et al. showed performance 
decreases from combining training methods, but focused on the amount of 
cardiovascular exercise that caused the impairments in strength.  They looked at the 
inhibition of strength and hypertrophy from various ratios of concurrent training.  Their 
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training groups included one performing only strength training three times per week, one 
performing strength training and endurance training three times per week, one 
performing strength training three times per week with endurance training only one time 
per week, and a control group performing no exercise.  Their study found that “greater 
frequencies of endurance training performed increased the magnitude of the 
interference response on strength and limb girth responses after 6 weeks of 3 days a 
week of training.” 14   
Izquierdo et al. compared the effects of resistance training twice per week, 
aerobic training twice per week, and concurrent training performing resistance training 
once per week and aerobic training once per week on separate days.  They showed 
that the 1RM leg press was similar for the resistance training and concurrent training 
groups at the 8-week mark, but that the resistance training group improved significantly 
more than the concurrent group at the 16 week mark.  Both the resistance and 
concurrent groups were significantly stronger than the aerobic group at both the 8 and 
16-week measurements. 53 
 As with the research on cardiovascular performance, there are contradictory 
results in resistance performance research as well.  Santos et al. looked at 42 young 
boys completing either resistance alone or a resistance training program combined with 
endurance training.  Both groups completed their normal physical education classes in 
addition to a strength/power routine of medicine ball throws and plyometric jumps for the 
resistance program.  The concurrent group also completed a 20-m shuttle run following 
the strength/power routine as the endurance component.  They found that there was no 
impairment in strength by adding the endurance component. 54 
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 Shaw et al. compared the effects of resistance training and concurrent training in 
38 men with an average age of 25 years old.  Their study showed “that resistance 
training and concurrent resistance and endurance training both improved strength in all 
of the 8 prescribed exercises and that concurrent resistance training and endurance 
training was as effective in developing muscular strength initially or for general health as 
resistance training alone in previously sedentary or untrained, healthy males.” 55  
Unfortunately, their study did not mention the order in which the individual types of 
exercise were performed for the concurrent training group, making it difficult to 
determine if the order of exercise modalities had an effect on the results.  
 When looking at the effects of concurrent training with cardiovascular exercise 
before resistance training on both endurance and strength factors, Cadore et al. found 
that VO2PEAK and maximum aerobic workload increased significantly in the concurrent 
group and the endurance group but not the strength group.  Those same two groups 
showed significant decreases in EMG activity in the rectus femoris compared to the 
strength group. 56  This would indicate that the interference effect of concurrent training 
would be dependent on the specific fitness component tested, although this cannot be 
said for certain because of the lack of testing of the concurrent training group with 
resistance training coming before cardiovascular exercise. 
  In a meta-analysis related to concurrent training, Wilson et al. seemed to sum up 
the point that concurrent training was either better or worse than just strength or just 
endurance depending on the variable measured.  They showed that concurrent training 
improved strength, power, and hypertrophy more than endurance alone, but not as 
much as resistance training alone.  They also showed that concurrent training improved 
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VO2MAX significantly more than resistance training alone but was not significantly 
different than endurance training alone. 57  This would seem to indicate that improving 
strength, hypertrophy, or power while maintaining maximal oxygen consumption ability 
would require performing concurrent training.   
 
Effect of concurrent training on body composition.  When shifting to a focus 
of the effects of concurrent training on body composition, specifically body fat loss, there 
are several examples of the effectiveness of concurrent training.  The previously 
mentioned Wilson et al. study summarized the results of several studies, stating that the 
average effect size for the changes in body fat mass were as follows:  strength training -
0.62, endurance training -0.75, and concurrent training -0.95, showing that concurrent 
training is the most effective for decreases in body fat mass when compared to 
endurance or strength training alone.  They found no significant differences between 
groups. 57  Another previously mentioned study done by Santos et al. also showed large 
decreases in body fat for both training groups, but no significant difference between the 
training groups for the total body fat lost.  In addition, Santos et al. showed that the 
concurrent training group maintained the body fat loss after a detraining period. 54  
While the differences between groups in body fat mass lost were not significant, the 
study by Santos et al.54 and the analysis of Wilson et al.57 show a tendency toward the 
possibility of concurrent training being more effective than resistance or endurance 
training alone in reducing body fat mass and maintaining that loss. 
In their study of thirty college age men doing either strength training, endurance 
training, or concurrent training for 10 weeks, Dolezal et al. showed a significant body fat 
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loss in the concurrent training group over the other two groups.  For this study, the 
strength group used a combination of Olympic free weights and Universal machines, the 
endurance group used a jogging or running program, and the concurrent training group 
completed a combination of the exact same resistance and endurance plans as the 
strength and endurance groups with the resistance training always coming first.  Their 
results showed that “body fat was reduced significantly more for the concurrent training 
group (12.2 ± 3.5 to 8.7 ± 1.7%) when compared to the resistance training group (15.5 ± 
2.7 to 14.0 ± 2.7%) and the endurance training group (11.8 ± 2.9 to 9.5 ± 1.7%).” 58  
This study used similar resistance training protocols to the current study, so it is very 
promising for the outcomes of both of the current intervention groups with regard to 
body composition changes. 
Nindl et al. tracked the body composition changes of 31 healthy women 
performing strength training followed by cardiovascular endurance training 4 days a 
week and backpacking 1 day a week over a 6 month period and compared them to 
control groups of 5 women who were assessed before and after 6 months at their 
normal activity level and 18 men who were assessed only once as a static control.  The 
training group experienced an average of 2.2% loss of total body mass, 10% loss of fat 
mass, and 2.2% increase in soft tissue lean mass.  When broken down by body region, 
they had an average of 31% decrease in fat mass and no change in the lean mass in 
the arms, an average of 5.5% increase in lean mass with no change in fat mass in the 
legs, and an average 12% decrease in fat mass with no change in lean mass in the 
trunk. 59 
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McCarthy et al. looked at the muscle hypertrophy of the thigh extensor and flexor 
muscles before and after 10 weeks of strength training, cycle endurance training, or a 
combination of strength and endurance training.  The strength training group performed 
one warm-up set and 3 sets of 6RM for 8 exercises 3 days a week with one day of rest 
between workouts.  The endurance training group performed a 5 minute warm-up and 
then cycled at 70% of heart rate reserve for 45 minutes.  The concurrent group 
completed both training programs in the same session with the order being alternated 
so that one session consisted of resistance before cycling and the next session 
consisted of cycling before resistance.  Both strength training and concurrent training 
induced similar increases in size with the concurrent training group increasing the size 
of thigh extensors by 14% and the thigh flexors by 6% and the strength training group 
increasing the size of thigh extensors by 12% and thigh flexors by 7%. 60  Their findings 
indicate that there are no impairments to hypertrophy by adding endurance training 3 
days per week.   
Balabinis et al. divided 26 male basketball players into four groups.  The strength 
group trained 4 times per week for 7 weeks and added plyometrics on weeks 4 and 5.  
The endurance group also trained 4 times a week for 7 weeks while wearing a heart 
rate monitor.  The strength and endurance group completed 7 weeks of training while 
completing identical programs to both the strength group and the endurance group with 
the strength portion scheduled 7 hours after the endurance portion.  The control group 
did no training during the 7 weeks of the study.  In addition to having greater gains in 
VO2MAX than the endurance group and greater anaerobic power than the strength group, 
the strength and endurance group had a greater reduction in body fat and body weight 
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than either the strength group or the endurance group, while the control group had 
minor but not statistically significant increases in both body fat percentage and body 
weight. 61 
Glowacki et al. looked at men performing either endurance training, resistance 
training, or concurrent training with the endurance training and resistance training 
groups completing 2 or 3 sessions per week and the concurrent group completing 5 
sessions per week of resistance or cardiovascular exercise alternated each day.  Both 
the resistance training and concurrent training groups increased total body weight and 
lean body mass.  Both the endurance training and concurrent training groups decreased 
body fat percentage. 62  As the increase in lean body mass in the concurrent group was 
greater than the loss of body fat, the result was an increase in total body mass.  While 
this outcome may be discouraging to participants of a concurrent training program, they 
should be made aware of the positive health effects of increasing lean mass and 
decreasing fat mass should they become discouraged during follow up assessments. 
Davis et al. compared integrated concurrent exercise and serial concurrent 
exercise, this time focusing on the effects on body composition, muscular strength, and 
muscular endurance.  The study was 11 weeks long and included 3 days per week of 
vigorous concurrent exercise for approximately 1 hour and 50 minutes.  Serial 
concurrent exercise (CE) included sequential performance of resistance, aerobic, and 
range of motion exercise in each training session.  Integrated CE included the same 
three modes of exercise alternated throughout each exercise session in a circuit or 
interval fashion.  Their results found that “Serial CE produced discernible (p < 0.05) 
increases in lower- (17.2%) and upper- (19.0%) body muscle strength and fat-free mass 
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(FFM) (1.8%) and trends toward greater lower-body muscle endurance (18.2%) and 
reduced upper-body flexibility (-160.4%).  Integrated CE produced discernible increases 
in lower- (23.3%) and upper- (17.8%) body muscle strength, lower-body muscle 
endurance (27.8%), FFM (3.3%), and lower-body flexibility (8.4%) and a decline in fat 
mass (-4.5%) and percent body fat (-5.7%).”  There was, however, an extreme outlier 
for body fat percentage in both groups with the outlier for the serial CE group having a 
19% decrease in body fat percentage and the outlier for the integrated CE group having 
a 13.1% increase in body fat percentage. 11 
 Sillanpaa et al. also compared groups doing either strength, endurance, or 
concurrent training with the concurrent training group completing the full protocol for 
both of the other groups, this time with 62 middle aged women.  Both the endurance 
group and the concurrent group significantly lost body fat, but there were no significant 
differences between groups. 63 
Arazi et al. compared two different concurrent training groups, a Concurrent 
Distinct Endurance-Reistance (CDER) group doing resistance training two days per 
week and endurance training two days per week for a total of 4 days per week of 
exercise and a Concurrent Parallel Endurance-Resistance (CPER) group doing 2 total 
days per week of exercise completing both the resistance and endurance protocols on 
the same days, with a control group (C).  Both groups progressed from 2 sets of 10 
repetitions at 65% of 1RM and 20 minutes of running at 70% heart rate max in week 
one to 3 sets of 4 reps at 90% of 1RM and 45 minutes of running at 95% of heart rate 
max in week 12.  While both groups lost body fat and increased lean mass, “body fat 
percentage for CPER was significantly lower than for CDER and C.” 64  While the study 
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did not mention the order of the exercises, the concurrent protocol where both 
resistance and endurance are performed in the same day seems to produce greater 
results for body fat loss.  Therefore, completing both protocols in the same training 
session is the ideal format for the current study. 
Willis et al. studied 119 sedentary overweight or obese adults performing either a 
resistance training program, an aerobic training program, or a concurrent training 
program consisting of both the resistance and aerobic programs.  The aerobic training 
group and the concurrent training group lost significantly more body fat than the 
resistance training group.  The resistance training group and the concurrent training 
group significantly increased lean body mass more than the aerobic training group.  
There were, however, no significant differences between the concurrent training group 
and the aerobic training group for fat loss or between the concurrent training group and 
the resistance training group for lean mass gains. 65 
Hunter et al. looked at changes in energy expenditure in women between 60 and 
74 years of age completing either 1 day a week of aerobic and 1 day a week of 
resistance training, 2 days a week of aerobic and 2 days a week of resistance training, 
or 3 days a week of aerobic and 3 days a week of resistance training.  While all three 
groups lost body fat mass and increased fat free mass, only the group completing 2 
days a week of each modality saw a significant increase in total energy expenditure and 
activity related thermogenesis.  While the 1+1 group saw a trend toward increasing non-
exercise training activity related thermogenesis, the 3+3 group actually saw a decrease 
in non-exercise training activity related thermogenesis. 66  This would lead to 
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speculation that concurrent training for more than 4 days per week could have a 
negative impact on energy expenditure over time. 
 Fisher et al. also studied the effect of 1+1, 2+2, and 3+3 groups on various 
outcomes for older women.  While all three groups increased lean mass and decreased 
fat mass, there was a significant decrease in the fat mass in the 3+3 group compared to 
the 1+1 group. 67  While the previous Hunter et al.66 study of similar exercise indicates a 
decrease in non-exercise (not total) energy expenditure with the 3+3 protocol, the loss 
of body mass shown by Fisher et al.67 could be the primary factor for the decreased 
energy expenditure.  
  
Gender differences in concurrent training research.  While the previously 
mentioned Nindl et al. study did not include a male training group, they did show that 
there were significant differences between the genders for overall body mass, lean 
mass, fat mass, and percentages of fat and lean between genders.  Men had 
significantly more total body mass and lean mass while women had significantly more 
fat mass and percent body fat. 59 
Sanal et al. compared an aerobic exercise (AE) group of 15 men and 18 women 
with an aerobic and resistance exercise (ARE) group of 16 men and 16 women.  All four 
groups had significant improvements in whole body fat percentage with the two groups 
adding resistance to their aerobic programs having the greatest change in whole body 
fat.  The male ARE group started with a baseline of approximately 30 kg of fat mass and 
ended the intervention with 24 kg of fat mass, whereas their male AE counterparts 
began with a baseline of 25 kg of fat mass and ended the intervention with 24 kg fat 
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mass.  The female ARE group started with a baseline 37 kg of fat mass and ended with 
32 kg of fat mass, whereas their female AE counterparts began with a baseline of 34 kg 
of fat mass and ended the intervention with 31 kg of fat mass.  In addition, men had 
excellent results for increasing fat free mass in the whole body and decreasing body fat 
percentage in the trunk by adding resistance training to their aerobic programs and 
women had excellent results for decreasing fat mass in the legs by adding resistance 
training to their aerobic programs. 68 
 
Dietary considerations with concurrent training.  There have been several 
published studies on the Curves model of training in relation to dietary strategies and 
disease risk in obese women.  The first study by Kerksick et al. in 2009 included 161 
sedentary, obese, pre-menopausal women doing the Curves circuit program and 
following one of four diet programs [High Energy, High Carbohydrate, Low Protein Diet 
(HED), Very Low Carbohydrate, High Protein Diet (VLCHP), Low Carbohydrate, 
Moderate Protein Diet (LCMP), or High Carbohydrate, Low Protein Diet (HCLP)], or in a 
No Diet, just exercise (ND), or a non-exercise, no diet control (CON).  It should be noted 
that the HED group food intake consisted of approximately 2600 kilocalories per day, 
while the other three plans were only approximately 1200 kilocalories per day for the 
first 2 weeks and moved up to 1600 kilocalories per day for the next 8 weeks and a 
maintenance level of 2600 kilocalories for the last 4 weeks.  In this study Kerksick et al. 
found  that while all groups lost body fat, both the VLCHP and HCLP group had a mean 
change of -2.0% body fat and the LCMP group had a mean change of -1.7% body fat.  
Both the HED and ND groups had a mean change of -0.6% body fat, while the CON 
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group had a mean change of 0.0% body fat. 69  This article shows that regardless of the 
dietary protocol, a restricted calorie diet in conjunction with circuit style resistance 
training produces reductions in fat mass. 
A similar study published the next year by Kerksick et al. divided 141 sedentary, 
obese women into the same groups as the previously mentioned study.  This time, 
however, the VLCHP, LCMP, and HCLP groups were only limited to 1200 kilocalories 
per day for one week before moving up to 1600 kilocalories per day for the next 9 
weeks.  At the 10 week mark, all groups began consuming 2600 kilocalories per day 
with the macronutrient composition being changed to a more standardized pattern 
among all groups.  This time the changes in body composition showed that after the 14 
weeks of intervention the VLCHP had a change of - 3.7 kg fat mass, the LCMP group 
had a change of -3.5 kg fat mass, and the HCLP group had a change of  -2.9 kg fat 
mass. 70 
When looking at the body fat change from a percentage perspective, they found 
that the VLCHP group had a change of -2.2 % body fat, the LCMP group had a change 
of -1.9 % body fat, and the HCLP group had a change of -1.6 % body fat. 70  These 
losses show similarities in body fat loss to the first study, even with the differences in 
the diet macronutrient distributions for the last 4 weeks of the interventions, with the 
groups who were following hypocaloric diets for the majority of the study losing 
significantly more body fat than the control groups.  Since the Curves model uses 30 
seconds to one minute of exercise on hydraulic resistance machines alternated with 30 
seconds to one minute doing cardiovascular movements such as marching in place on 
a padded square between machines, this type of workout would be considered circuit 
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training and does not meet the requirements for concurrent training that the current 
study followed.  However, because of the focus on the nutritional programs used by 
Kerksick et al.69,70 these studies provide further evidence that the current study needed 
to induce a hypocaloric state in order to achieve the body fat loss that was the goal of 
the study. 
In 1994, Whatley et al. compared the effect of multiple protocols of concurrent 
training while on a very low kilocalorie diet to determine the effects on metabolic rate 
and body composition in 23 obese women between the ages of 25 and 45 years old.  
Eight women were in the large activity group (LA) doing 400 minutes per week of 
endurance training along with 3 days per week of resistance training.  Eight women 
were in the moderate activity group  (MA) doing 200 minutes per week of endurance 
training along with 3 days per week of resistance training.  Seven women were in the 
control group (C) completing only the diet portion of the program.  All three groups 
followed the same nutritional program consisting of approximately 800 kilocalories per 
day, 100 grams of carbohydrate, 70 grams of protein, and 13 grams of fat.  “All groups 
showed signifcant decreases in body weight, percent body fat, fat mass, and fat free 
mass from baseline to week 12.  The LA group demonstrated signifcantly greater 
decreases for body weight, percent body fat, and fat mass as compared to the C group. 
There were no differences between the groups for decreases in fat free mass. The 
percentage of body weight lost as fat free mass was approximately 29%, 18%, and 20% 
for the C, MA, and LA groups, respectively. 71  When looking at the actual body fat lost, 
the control group lost 9 kg, the MA group lost 13 kg, and the LA group lost 16 kg. 71  
This shows the significant difference between the LA group and the C group and the 
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lack of significance for the difference between the fat lost in the MA group and the LA 
group, indicating that a very low kilocalorie diet combined with either type of concurrent 
training will be effective for fat loss. 
In 1998, Kraemer et al. looked at the effect of diet only, diet combined with 
endurance training, diet combined with concurrent training, and a control group to 
determine the effects of each modality when combined with diet on body composition.  
The control group continued with their normal diet and activity program.  The diet group 
did not follow an exercise program.  Both exercise groups completed whole body 
aerobic activity at 70-80% of functional capacity increasing from 30 minutes at the 
beginning of the study to 50 minutes at the end.  The diet plus concurrent training also 
completed a resistance training program after their endurance training consisting of 
approximately 10 exercises alternated between a heavy day of 5-7 RM and a moderate 
day of 8-10 RM for 1-3 sets.  All three study groups attended weekly group meetings 
with a registered dietitian where they were given information about healthy eating and 
the nutritional supplements they were to include in their nutrition plans.  The diet only 
group averaged an intake of 1551 kilocalories per day.  The diet plus endurance training 
group averaged an intake of 1430 kilocalories per day.  The diet plus concurrent training 
group averaged an intake of 1449 kilocalories per day.  After 12 weeks of the 
intervention, all groups lost significant amounts of body weight.  Of the total body weight 
lost, fat mass accounted for 69% in the diet only group, 78% in the diet plus endurance 
group, and 97% in the diet plus concurrent training group. 72  This shows that following a 
concurrent training program while dieting will prevent some of the fat free mass loss 
associated with diet alone or diet combined with endurance training alone. 
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  In their 2009 study, Davis et al. compared a control group with 3 groups using a 
nutritional counseling intervention that aimed to reduce the overall dietary intake of 
sugar by >10%.  The first of those three groups only received nutritional counseling.  
The second group received the same nutritional counseling as the first group, but also 
participated in strength training two times per week for approximately 60 minutes per 
session.  The third group received the same nutritional counseling as the first and 
second group, but also participated in a concurrent training program where they 
alternated every two minutes between resistance and cardiovascular exercise for a total 
of 30 minutes each modality or 60 total minutes of activity twice per week.  The nutrition 
counseling only group reduced their overall kilocalorie intake by about 200 kilocalories 
per day.  The nutrition plus strength training group reduced their overall kilocalorie 
intake by about 340 kilocalories per day.  The nutrition plus concurrent training group 
reduced their overall kilocalorie intake by 86 kilocalories per day.  While there was no 
significant difference between the groups, the trend seemed to favor the nutrition plus 
strength group for having the greatest decrease in kilocalorie intake (P ≤ 0.10).  
However, when looking at the body composition changes, the nutrition plus concurrent 
group clearly had the larger changes in fat mass, losing 1.4 kilograms of body fat in the 
16-week study period.  The nutrition alone group also reduced body fat by 0.1 
kilograms.  The nutrition plus strength group and the control group both increased body 
fat mass at 0.6 kilograms and 0.4 kilograms respectfully. 73  Therefore, it appears that 
even without the full decrease in kilocalorie intake that was achieved through the 
nutritional intervention in the other groups, concurrent training is more effective at 
decreasing adipose tissue in the body.  Had the nutrition plus concurrent training group 
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also achieved a significant decrease in daily kilocalorie intake, it could be assumed that 
they would see even greater losses in adipose tissue.  Therefore, the current 
implemented a more specific recommendation in kilocalorie intake to insure a 
hypocaloric state during the training in order to achieve a statistically significant loss in 
body fat mass. 
 
Effect of exercise order in concurrent training.  While it is often debated in the 
gym whether cardiovascular training or resistance training should be performed first in 
order to elicit the best results, there is actually very little research on the possible 
outcomes based on exercise order.  Vilaca, et at, performed a meta-analysis in 2011 to 
determine if exercise order influenced energy expenditure.  Based on their report, which 
included several articles previously mentioned here, concurrent training will decrease 
body fat and increase energy expenditure regardless of the order in which it is 
performed.74  
In their review article Kang and Ratamess reviewed several studies to determine 
the best order for performing concurrent training.  They concluded that cardiovascular 
exercise should be first in order to increase maximum aerobic power and post exercise 
energy expenditure while resistance should be first in order to increase strength, power, 
and hypertrophy.  They also state that resistance first can increase maximum aerobic 
power in the elderly, plus the increased intensity can potentiate energy expenditure and 
favors fat utilization in the subsequent aerobic session.75 
Kang and Ratamess75 referenced the 2005 study by Chtara et al. that compared 
endurance training alone, circuit style strength training alone, and concurrent programs 
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of the endurance and circuit style strength training in both orders, which concluded that 
endurance parameters such as the 4-km time trial and VO2MAX were significantly 
improved by performing endurance training prior to circuit style resistance training. 76  
Chtara et al. published another study in 2008 with similar study groups showing that the 
circuit training group increased strength and power the most, with both concurrent 
groups having no difference in strength and power increases based on order but that 
both groups had less improvement than the circuit training alone. 77 
Rosa et al.78 in 2011 and Cadore et al.79 in 2012 looked at the effects of exercise 
order in concurrent training on hormone levels within the body.  Rosa et al. compared a 
control group doing no exercise with two different concurrent groups, one doing aerobic 
exercise before resistance and the second doing resistance training before aerobic 
exercise.  The two concurrent training groups followed the same protocols for their 
workouts except for the order of the modalities.  They found that leptin and cortisol were 
decreased in both concurrent training groups with no significant difference based on 
order.78  As leptin and cortisol are both increased in those with excess adiposity, 
decreasing these hormones could possibly be one of the factors leading to decreased 
adiposity in those performing concurrent training.  However, as this was an acute study, 
there is no data indicating body composition changes over time. 
The Cadore et al. study of the effects of concurrent training on cortisol and 
testosterone was also an acute study.  They had 10 recreationally trained young men 
perform 30 minutes of cycling at 75% of their age predicted maximum heart rate for 
endurance with it either preceded or followed by 3 sets of 8 reps at 75% of 1RM in 4 
strength exercises.  Cortisol levels were elevated after the first modality and returned to 
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baseline after the second modality regardless of order.  Testosterone was elevated after 
the first modality regardless of order but remained elevated after the second modality 
only when the aerobic component was performed first. 79  These elevations of cortisol 
contradict the Rosa et al. article. 78  This would lead one to wonder if the acute effect of 
exercise on cortisol has any overall effect on adiposity or if elevated cortisol can be a 
symptom of stress regardless of whether that stress is the exercise activity or simply the 
body being stressed by excess adiposity instead of a cause of adiposity.  The elevations 
in testosterone level, however, do show a possible cause for increases in lean tissue 
from concurrent training and lead one to speculate that if resistance training is 
performed after cardiovascular training then it may enhance the increases in lean mass.  
Whether that possible increase in lean mass has an effect on the loss of fat mass, 
however, remains to be seen, especially in women since they were not included in this 
study. 
In a study investigating aerobic and strength exercise sequence in the same 
session and their effect on the oxygen uptake during and post exercise,  Alves et al. 
reported that there was no significant difference in the overall oxygen consumption of 
participants based on the order in which the exercises were performed during the 
sessions. 80  While their research was performed on acute sessions and not of a long 
enough duration to determine differences in body composition between training 
programs, their readings of respiratory exchange ratio during the strength training 
aspects of their sessions showed a significant decrease in RER values during the 
second half of the strength training segments of the exercise sessions.  This indicates 
that there is a shift toward more fat burning during the resistance portion of a concurrent 
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training workout.  This could lead to an overall greater amount of fat burning in 
concurrent training sessions when resistance training is completed first. 
 Davitt et al. recently published their study on the effect of exercise order in 
concurrent training with regard to changes in body composition and other physiologic 
parameters.  They studied 23 inactive college aged females with 13 in an endurance 
before resistance group and 10 in a resistance before endurance group.  The 
endurance portion of their workout was 30 minutes at 70-80% of HRR.  The resistance 
portion of their workout was a 3 way split routine using 3 sets of 8-12 repetitions for 5-6 
exercises at 90-100% of their 10RM.  They completed their workouts 4 days per week 
for 8 weeks.  Both groups increased strength, VO2MAX, and lean body mass.  Total mass 
increased for both groups.  While there was no significant change in body fat 
percentage in either group, the data indicate that the average change in body fat 
percentage was an increase of 0.64% for the endurance before resistance group and a 
decrease of 2.99% for the resistance before endurance group.81 
It is possible that the trend toward more fat loss for the resistance training before 
cardiovascular endurance training group was there, but the study was not of sufficient 
power to see the full effects of the training protocols.  Another possible reason why the 
body fat percentage changes were not significant could be that this study did not 
account for dietary factors that could assist with body fat loss, which were included in 
the current study. 
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Research Implications for the Current Study 
While the Davitt et al.81 study came close, no study was found that examined the 
effects of exercise order on body composition changes during concurrent training as 
they were performed during the current study.  The previously listed research, however, 
appears to show a positive effect of concurrent exercise on body fat loss.  Specifically 
looking at the protocols for achieving the greatest losses in body fat, the previously 
listed research indicates that cardiovascular exercise should be performed at 
approximately 65% of VO2MAX and resistance exercise should be sufficiently heavy 
enough to induce increases in lean body mass.  It also shows that women appear to 
have a greater capacity for fat oxidation, therefore making them the ideal group to study 
to see the largest impact of the training. 
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CHAPTER THREE 
 
METHODS  
 
Participants 
Utilizing convenience sampling, participants were chosen from around the 
University of South Florida.  Female participants between the ages of 30 and 55 with a 
BMI > 25 or a body fat percentage ≥ 30% were recruited for the study.  Since body fat 
percentage was not able to be obtained until the assessment meeting, those who did 
not meet the BMI requirement but wanted to participate in the study were taken through 
the sign up process and scheduled for the initial assessment to see if they could 
participate based on body fat percentage.  Study staff met with each potential 
participant and went over in detail the informed consent and processes of the study.  If 
they chose to participate in the study, the participants were screened and excluded if 
they checked any statements in the first section or more than two statements in the 
second section of the AHA/ACSM Health/Fitness Facility Preparticipation Screening 
Questionnaire (with the exception of the statement regarding being overweight) in order 
to decrease the risk of a cardiovascular event during training.  In order to achieve 
adequate power, approximately 30 participants were estimated to be needed.  Although 
34 participants were recruited and began the training program, only 17 participants 
completed the entire 8 weeks of training to be included in the final analysis.  The 
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reasons given for the dropping out of the study were generally related to scheduling due 
to the supervision requirement for the workouts.   
 
Instrumentation 
All participants were screened for health status using the AHA/ACSM 
Health/Fitness Facility Preparticipation Screening Questionnaire as presented in 
appendix A and on page 538 of ACSM’s Resource Manual for Guidelines for Exercise 
Testing and Prescription Sixth Edition and on page 21 of ACSM’s Guidelines for 
Exercise Testing and Prescription Eighth Edition. 8,82  In order to ensure that the 
participants were healthy and at low-risk for cardiovascular disease, any affirmative 
answer in section one or more than two affirmative answers in section two (not counting 
being more than 20 pounds overweight) on this questionnaire excluded the participants 
from participation in the study.  Participants also completed a demographics 
questionnaire to verify age and for possible future statistical analysis based on race or 
ethnicity.  
Caloric expenditure for the assigned resistance exercise during the study was 
estimated using the 2011 Compendium of Physical Activities: a second update of codes 
and MET values. 83,84  We classified the resistance training as “weight lifting (free 
weight, nautilus or universal-type), light or moderate effort (Taylor Code 210)” 84 with a 
MET level of 3.0.  
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Equipment 
Assessing obesity for research purposes has primarily been done through the 
use of the Body Mass Index scale.  This form of assessment is easy to complete, as it 
requires simply a height and weight to either perform the calculation or consult a chart 
where the computations have already been completed.  Therefore, it can be done 
simply in a doctor’s office or by any individual regardless of their level of training.  Body 
Mass Index is not, however, a direct measure of body fatness.  The Centers for Disease 
Control states, 
“It is important to remember, however, that BMI is not a direct measure of 
body fatness and that BMI is calculated from an individual's weight which 
includes both muscle and fat. As a result, some individuals may have a 
high BMI but not have a high percentage of body fat. For example, highly 
trained athletes may have a high BMI because of increased muscularity 
rather than increased body fatness.” 85 
Therefore, due to the desire for a more accurate measure of the change in body 
composition from the interventions, this study utilized body composition analysis instead 
of body mass index to determine the changes in body fatness.   
 Height and weight measurements were taken using a Health O Meter™ 
Professional scale.  Body composition was determined using the BodyMetrix™ 
ultrasound machine.  An additional measurement of body fat was taken using Lange® 
skinfold calipers.  Resting metabolic rate was measured using the Cosmed FitMate 
ProTM.  
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  For the resistance training portion of the workouts, the participants utilized 
Olympic free weights and weight benches.  For the cardiovascular exercise portion of 
the workouts, the participants utilized TrackMaster™, Woodway™, and TechnoGym™ 
treadmills, elliptical machines, standard exercise cycles, and recumbent cycles.  
 
Procedures 
After initial recruitment, participants were randomly assigned to one of two 
groups based on when they joined the study:  For the initial participant joining and if 
multiple participants joined at the same time, they were randomized by the flip of a coin, 
with heads representing going into the C-R group and tails representing going into the 
R-C group.  Whenever someone would drop from the study, the next participant to join 
was placed in the group that had just lost a participant so that the study groups could 
remain relatively equal. All participants were screened with the AHA/ACSM 
Health/Fitness Facility Preparticipation Screening Questionnaire and demographics 
questionnaire and given forms for three days of physical activity logging to be used to 
determine the physical activity factor for nutritional planning prior to their assessment 
appointments.  Participants were then scheduled to come in to the lab for three baseline 
assessment appointments.   
 
Baseline and post-intervention testing procedures.  The first appointment 
consisted of body weight, body composition, and RMR assessment.  Prior to arriving to 
the research laboratory for RMR assessment, participants were instructed to fast for the 
prior 10 hours.  Testing sessions occurred between the hours of 5am and 11am.  Upon 
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arrival at the testing location, the participant was encouraged to use the restroom to 
empty their bladders.  Next, the participant had their body weight measured (Health O 
MeterTM) and the BodyMetrixTM ultrasound system was used to assess body 
composition.  The seven anatomical sites that were measured include the chest, 
midaxillary (about 4 inches below the armpit), triceps, subscapular (below the shoulder 
blade), abdomen, suprailiac (above the hip bone), and thigh.  To conduct this body 
composition assessment, the researcher applied a small amount of ultrasound gel to the 
hand-held ultrasound wand, then applied the wand to the appropriate anatomical 
landmark, and then moved the wand back and forth over the area of the skin across a 
range of about 5cm.  The BodyMetrixTM works by using ultrasound. When ultrasound 
waves penetrate tissue, reflections occur at different tissue boundaries. For example, 
there are strong ultrasound reflections at fat-muscle and muscle-bone boundaries.  
Ultrasound allows the BodyMetrixTM to detect the true fat thickness at each 
measurement point.  Fat thickness measurements were made in millimeters.  The 
software provided with the Body MetrixTM was used to determine the percentage of body 
fat for each participant.  A second assessment of body composition was completed 
using Lange® skinfold calipers at the same seven anatomical sites.  To conduct a 
skinfold assessment, the researcher pinched the skin with their thumb and index finger 
and then measured the thickness of this fold using a Lange® caliper.  Measurements 
were made in millimeters.  The principle behind this technique is that the amount of 
subcutaneous fat is proportional to the total amount of body fat.  Various regression 
equations have been developed to predict percent body fat from skinfold 
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measurements.  For the skinfold assessment, the American College of Sports Medicine 
7-site formula was used to predict body composition.8,16,85,86 
After completing the body composition analysis, the participant then sat in a 
reclined position with her feet elevated for a 5-minute period.  During that 5-minute 
period, the participant was familiarized with the Cosmed FitMate ProTM via an 
explanation by the researcher.  Following the 5-minute familiarization and rest period, 
the participant had the facemask placed on their head and the 15-minute RMR 
assessment period began.  During this time, the participant was encouraged to breathe 
normally and to relax.  After the 15-minute data collection period, the facemask was 
removed but the participant remained seated in the reclined position.  After a 2-minute 
rest period, a second 15-minute RMR test was conducted.  The lowest of the two RMR 
tests was used for determining the calorie needs of the participant for the study.  During 
these RMR tests, there were two participants who had problems maintaining a steady 
breath which caused an unusually low RMR reading.  For those participants, a third 
RMR test was completed and the lowest of the three was thrown out as an outlier. 
At the second assessment appointment, the participants completed a 1.5 mile 
walk/run test to estimate their VO2MAX.  This test was performed on a treadmill.  The 
participant was instructed to walk, run, jog, or any combination of walking, jogging, or 
running for the full 1.5 miles.  The time to complete the allotted distance was recorded in 
minutes and seconds and then converted into the decimal form of minutes. The VO2MAX 
was determined using the equation “VO2MAX (mL•kg-1•min-1) = 3.5 + 483/1.5 mile time 
(min)” from page 114 of ACSM’s Health-Related Physical Fitness Assessment Manual. 
16    
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 At the third assessment appointment, the participants completed strength testing 
for both upper and lower body.  One repetition maximum can be used for determining 
an individual's maximum strength. The one repetition maximum is the maximum amount 
of weight one can lift in a single repetition for a given exercise.  The upper body strength 
test was the One Repetition Maximum Bench Press.   
• Equipment 
1. A barbell (45lbs), variety of weight plates (2.5lbs, 5lbs, 10lbs, 25lbs, 45lbs) 
and two safety locks; enough total weight to accommodate the maximal load 
for the participant. 
2. A sturdy bench press bench with integral bar rack. 
• Personnel  
1. Two study staff members (one spotter, one data recorder). 
• Procedure 
1. A member of the study staff instructed the participant on the proper technique for 
the flat barbell bench prior to the participant attempting the lift. 
2. The spotter stood at the head of the bench throughout the test to help in raising 
the bar on a failed attempt and to help the participant place the barbell back on 
the rack. 
3. As with all maximal testing, the participant first performed a bench press warm-
up set of 5 to 10 repetitions with a light to moderate load. 
4. Participants were encouraged to attempt their 1RM within 3 to 5 attempts after 
the warm-up; otherwise fatigue may compromise the final result.  
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Participants’ lower body strength was determined using a One Repetition Maximum 
Deadlift. 
• Equipment 
1. A barbell (45lbs), variety of weight plates (2.5lbs, 5lbs, 10lbs, 25lbs, 45lbs) 
and two safety locks; enough total weight to accommodate the maximal load 
for the participant. 
• Personnel  
1. One study staff member  
• Procedure 
1. A member of the study staff instructed the participant on the proper technique 
for the deadlift prior to the participant attempting the lift. 
2. As with all maximal testing, the participant first performed a deadlift warm-up 
set of 5 to 10 repetitions with a light to moderate load.  During this set, the 
participant was allowed to complete a partial deadlift, where the bar had to 
come to below the knee but not to the floor, for each of the repetitions. 
3. Participants were encouraged to attempt their 1RM within 3 to 5 attempts 
after the warm-up; otherwise fatigue may compromise the final result. 
 
Nutritional procedures.  Each individual met with the study coordinator to be 
given her individual caloric recommendations to follow throughout the study.  These 
caloric goals were determined by following the recommendations of a registered 
dietitian who supervised the nutritional aspects of the study.  Resting metabolic rate was 
estimated through the use of an indirect calorimeter, the Cosmed Fitmate Pro™, in a 
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fasted, non-exercise state.  This estimation was then multiplied by a physical activity 
coefficient based on the participants physical activity level in order to determine their 
total daily energy expenditure (TDEE) not counting the exercise associated with this 
study.87-92  The physical activity coefficient was determined based on the three days of 
physical activity logs that were given to the participants prior to this appointment.  Those 
logs were reviewed and compared to the 2011 Compendium of Physical Activities: a 
second update of codes and MET values83,84 to estimate the activity level to be used.87-
92  The physical activity coefficients were: 
• Sedentary—1.25—For those who spend their entire day sitting 
• Low Active—1.5—For those who spend most of their day sitting and only 
walking to perform tasks of daily living 
• Active—1.75—For those with active vocations equivalent to walking 6-8 
miles per day 
• Very Active—2.2—For those who engage in several hours of vigorous 
physical activity daily87-92  
An estimation of caloric expenditure for the workouts in this study was calculated 
using the 2011 Compendium of Physical Activities: a second update of codes and MET 
values83,84 to estimate the number of kilocalories to be added to compute the new TDEE 
for the days the individuals were exercising as part of the study.  The total daily energy 
expenditure recommendations for both the exercise days and the non-exercise days 
were reduced by 500 kilocalories per day in order to induce a hypocaloric state.  
Participants were given separate recommendations for kilocalorie intake for exercise 
days and non-exercise days.  If the total daily energy expenditure ever be below 1200 
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kilocalories from these calculations, the participant was instructed to consume 1200 
kilocalories with the difference between the 1200 kilocalorie recommendation and their 
estimated total daily energy expenditure noted.   
 Participants were given nutrition journals at their initial baseline assessment 
meeting so that they could record their daily nutritional intake to stay within their 
recommended ranges.  Three days (2 week days and 1 weekend day) of the nutrition 
logs were requested to be evaluated during weeks 1, 4, and 8 to insure dietary 
compliance.  The dietary tracking was an issue for some participants, causing not all of 
them to complete the dietary logs at all time points.  In trying to gain greater compliance, 
the participants were told that they could use the MyFitnessPal application to track their 
dietary intake as well.  Several of the participants utilized this tracking method, which 
allowed the researcher to log in and print the food logs from the MyFitnessPal.com 
website for comparison and lessen the burden on the participants. 
 
Exercise protocols.  The exercise groups met with the training team three times 
per week.  Exercise protocols were the same for each group with the exception of order 
of modalities.  Both groups were given their workout plans so that they could begin their 
workout in either the cardiovascular machine area of the fitness facility or the weight 
room depending on the order of exercise they were assigned to do.  They began their 
workout with a 5-minute warm up of dynamic movement, consisting of 10 repetitions 
each of forward and backward bends, arm circles, figure-four leg standing leg lifts, 
forward lunges with a twist toward the front leg, backward leg circles, and low crawls.  
The resistance training portion of the workout consisted of a weight lifting routine at a 
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work load of 3-4 sets of 6 repetitions at an intensity of 100% of Six Repetition Maximum 
consisting of squat, deadlift, bench press, bent-over row, shoulder press, biceps curls 
and triceps extensions exercises.9   The initial workout was used to determine the 6RM 
for exercises other than the bench press and deadlift, which were skipped for that initial 
workout.   In order to assess the 6RM for each exercise other than the bench press and 
deadlift, the participants were instructed to perform a warm up set of a weight that easily 
allowed them to complete 5 to 10 repetitions.  While the participant rested, the weight 
was adjusted in order to attempt a set where only 6 repetitions could be completed.  If 
the participant could complete more than 6 repetitions, the weight was adjusted 
upwards for the next 6 repetition maximum attempt.  If the participant was unable to 
complete 6 repetitions, the weight was adjusted downwards for the next 6 repetition 
maximum attempt.  This process was repeated until the 6 repetition maximum was 
found but with no more than five 6 repetition maximum sets.  The process was then 
repeated for the next exercise.9  The training weight for the bench press and deadlift 
were estimated from the baseline 1RM testing.  Therefore, the weight used for the 
bench press and deadlift for the 8 weeks of training was 85% of the participants weight 
lifted during 1 repetition maximum testing.9, 93-96   For the remainder of their workouts, 
participants completed 3 sets of 6 repetitions for weeks 1-4 and 4 sets of 6 repetitions 
for weeks 5-8 at the 6RM as estimated from the baseline testing and initial workout.   
The cardiovascular exercise portion of the workouts was approximately 30 
minutes of exercise done on a treadmill, elliptical machine, stair stepper, exercise cycle, 
or track at an intensity of 60% to 70% of estimated VO2MAX.  Estimation of speed, 
percent grade, steps per minute, and work rate in order to achieve the desired 
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percentage of estimated VO2max were completed using the equations on page 158 of the 
ACSM’s Guidelines for Exercise Testing and Prescription book.8   These formulas are 
traditionally used to determine the VO2MAX based on the parameters of the exercise.  
For this study, the formulas were used algebraically to extrapolate those parameters 
from the VO2 desired for the exercise.  Therefore, the estimated VO2MAX for each 
participant was multiplied by 60% and 70% and those figures used as the VO2 for the 
formula so that the speed, percent grade, steps per minute, or work rate could be 
determined.  These were then listed on a workout card for the participants so that they 
could determine the intensity to use on the equipment while performing the exercise.  
The participants were allowed to perform their cardiovascular exercise unsupervised 
and were trusted to read the monitors on the equipment to stay within the intensity 
levels they were given.  The participants listed what activity they did each training day 
on their workout card, but did not specifically have to list the intensity level at which they 
worked. 
Regardless of the order of exercise that they were assigned, the participants 
were instructed to complete the first portion and then move to the other part of the 
building and begin the second portion of their workout within 15 minutes of completing 
the initial portion.  Both groups completed a cool-down consisting of 3 repetitions of 9 
static stretches for each major muscle group held for 15 to 30 seconds each.   
Statistical Analyses 
 Data analysis was conducted utilizing the SPSS statistical software package.  
Effect sizes (ES) were calculated via Cohen’s d.  Within group changes over time were 
analyzed via a paired-samples t-test.  Descriptive statistics are presented as mean ± 
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standard deviation.  The magnitude of change for each dependent variable produced by 
training in the two groups was compared by using a 2 x 2 between-within (mixed) 
factorial ANOVA.  The alpha or significance criterion was set at 0.05. 
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CHAPTER FOUR 
 
RESULTS 
 
Baseline Differences 
 When looking at the two different groups, there appear to be no significant 
differences between the groups at baseline.  The baseline characteristics for each 
group are listed in Table 1. 
 
Table 1:  Baseline Characteristics by Group 
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±6.3 
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±8.0 
74.5 
±10.3 
1310.6 
±180.6 
37.0 
±5.4 
27.9 
±7.0 
46.7 
±5.5 
21.7 
±2.8 
31.0 
±9.6 
56.2 
±15.4 
R-C 
n=9 
42.4 
±6.3 
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83.4 
±20.6 
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±372.4 
36.9 
±6.5 
31.7 
±12.6 
51.7 
±9.0 
25.1 
±7.0 
36.4 
±7.9 
68.1 
±8.5 
All data listed as mean ± standard deviation 
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Nutritional Compliance 
 Of the 17 participants, only 7 (C-R = 5; R-C = 2) completed all three of the 
nutritional checks requested.  Five participants (C-R = 1; R-C = 4) did not complete any 
of the nutritional logs requested.  In total 28 of 51 nutritional logs were completed (C-R = 
18; R-C = 10).  Table 2 shows the average plus or minus the standard deviation for the 
recommended kilocalorie intake and the reported kilocalorie intake for each group. 
 
Table 2:  Nutritional Data 
 Recommended Week 1 Week 4 Week 8 
C-R 1435 ±431 kcal 1401±176 kcal 1361±274 kcal 1286±685 
R-C 1744±446 kcal 1995 ±412 kcal 1896±563 kcal 1693±409 kcal 
All data listed as mean ± standard deviation.  Recommended is based on the whole group.  Weekly data 
is based on the reported data, which does not include all group members.  
 
 
Body Composition Changes 
Although each group lost marginal amounts of total body weight (C-R = -0.18 
±1.8kg, ES = 0.02; R-C = -0.33±1.6kg, ES = 0.02; p=0.866), there were no statistically 
significant differences between the groups with regard to the amount of total body 
weight lost.  There was no statistically significant difference (p=0.318) in the percentage 
of body fat lost between the groups, with the C-R group losing an average of 3.2±1.6% 
(ES = 0.59) and the R-C group losing an average of 2.3±2.2% (ES = 0.35) body fat.  
These losses also did not show statistical significance (p=0.689) with regard to fat mass 
lost, with the C-R group losing an average of 2.5±0.9kg (ES = 0.35) and the R-C group 
losing an average of 2.0±2.6kg (ES = 0.29) of fat mass.  The lean body mass changes 
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between the groups also did not differ significantly (p=0.305) with the C-R group gaining 
an average of 2.3±2.1kg (ES = 0.39) and the R-C group gaining an average of 
1.7±1.7kg (ES = 0.06) of lean body mass. 
 When calculating the effect size between the groups, the following were seen: 
  Body Mass Change:  ES = 0.08 
  Body Fat Percentage Change:  ES = 0.89 
  Body Fat Mass Change:  ES = 0.30 
  Lean Body Mass Change:  ES = 0.68 
 
Maximal Strength Changes 
 When looking at maximal strength, there were no statistically significant 
(p=0.741) differences in the change in 1RM bench press between groups.  The C-R 
group had an average increase in 1RM bench press of 8.0±3.4kg (ES = 0.71) and the 
R-C group had an average increase in 1RM bench press of 8.6±4.2kg (ES = 1.05).  The 
deadlift, however, did show a trend toward a statistically significant (p=0.083) difference, 
with the R-C group increasing strength more than the C-R group (R-C +13.5±8.6kg, ES 
= 1.15; C-R +6.8±5.6kg, ES = 0.42). 
 When looking at the effect size between groups, the change in maximal deadlift 
had an effect size of 1.50 and the change in bench press had an effect size of 0.30. 
 
Aerobic Capacity Changes 
 Surprisingly, there was also a trend toward statistical significance (p=0.057) with 
regard to the difference in the change in VO2MAX, with the R-C group improving more 
 65  
than the C-R group (R-C +2.8±2.4 ml/kg/min, ES = 0.41; C-R +0.9±1.0 ml/kg/min, ES = 
0.31).  The between group effect size was calculated at 1.57. 
 A summary of the mean data and P-values for the changes in each group can be 
seen in Table 3. 
 
Table 3:  Data Summary 
 
C-R: 
Pre-Test 
C-R: Post-Test 
R-C: 
Pre-Test 
R-C:  Post-
Test 
P-value: Interaction 
Effect 
Total Body Mass 
74.5 ± 10.3 
kg 
74.3 ± 10.5 kg 
83.4 ± 20.6 
kg 
83.0 ± 21.4 
kg 
0.866 
Body Fat 
Percentage 
37.0 ± 
5.4 % 
33.8 ± 5.6 % * 
36.9 ± 
6.5 % 
34.7 ± 6.2 % 
* 
0.318 
Body Fat Mass 
27.9 ± 7.0 
kg 
25.5 ± 6.9 kg * 
31.7 ± 12.6 
kg 
29.7 ± 12.2 
kg * 
0.689 
Lean Body Mass 
46.7 ± 5.5 
kg 
48.9 ± 6.2 kg * 
51.7 ± 9.0 
kg 
52.2 ± 10.5 
kg 
0.305 
Bench Press 
1RM 
31.0 ± 9.6 
kg 
38.9 ± 12.6 kg * 
36.4 ± 7.9 
kg 
45.0 ± 8.4 
kg * 
0.741 
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Table 3:  Data Summary (Continued) 
 C-R: 
Pre-Test 
C-R: Post-Test R-C: 
Pre-Test 
R-C:  Post-
Test 
P-value: 
Interaction Effect 
Deadlift 
1RM 
56.2 ± 15.4 kg 63.1 ± 17.5 kg * 68.1 ± 8.5 kg 81.6 ± 15.0 kg * 0.083 
VO2MAX 
21.7 ±2.8 
ml/kg/min 
22.6 ± 2.9 
ml/kg/min * 
25.1 ± 7.0 
ml/kg/min 
27.8 ± 6.4 
ml/kg/min * 
0.057 
C-R = Cardiovascular exercise before resistance training group; R-C = Resistance training before 
cardiovascular exercise group; 1RM = 1 Repetition Maximum; VO2MAX = maximum aerobic capacity; 
ml/kg/min = milliliters of oxygen per kilogram of bodyweight per minute;  
* Indicates significant within group changes from pre to post testing (p<0.05)  
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CHAPTER FIVE 
 
DISCUSSION 
 
 When looking at the effect sizes within the groups, there is a definite trend toward 
practical significance for the protocols used.  While neither group showed practical 
significance for total body mass lost (R-C ES = 0.02; C-R ES = 0.02) and the R-C group 
did not show practical significance for increasing lean body mass (ES = 0.06), all of the 
other variables showed at least a small, if not very large, practical significance for 
improvement within the 8 week time frame of the study.  This would indicate that 
regardless of the order chosen by potential exercisers choosing to follow the exercise 
plans used, they can expect to see improvements in body composition, maximal 
strength, and maximal aerobic capacity. 
 
Population 
 Unfortunately, this study had a dropout rate of 50%, leaving a small sample size 
that did not produce the power the researcher had hoped to achieve.  There were 10 
participants who dropped from the C-R group and only 7 participants who dropped from 
the R-C group.  As the participants dropped out of the study, they cited reasons such as 
moving or the workout times not fitting into their schedules to justify dropping from the 
study.  However, one tends to wonder if the participants were trying to be kind to the 
researcher when dropping out and might have left due to the delayed onset muscle 
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soreness that is often associated with six-repetition maximum lifting or not caring for the 
requirement of indoor cardiovascular exercise as opposed to more enjoyable outdoor 
activities.  
 
Nutritional Analysis 
 While the researcher had hoped to use a dietary analysis to determine the 
specifics of the hypocaloric diet that the participants were following to show possible 
significance with regard to diet, total body mass and fat mass losses, this was not 
achievable due to a lack of subject compliance in completing the dietary logs.  With 17 
participants, comparing diet logs at weeks one, four, and eight, the study design would 
have resulted in analyses of 51 diet logs.  Due to subject non-compliance, only 28 
complete diet logs were received, a return rate of only 55%.  However, when looking at 
the compliance rate, 5 of the 7 participants who completed all three of the nutritional 
check ins used the MyFitnessPal cell phone app to track their nutritional intake.  This 
could be because of the fact that the app is primarily used by people who are already 
more conscientious about their dietary habits.  Hopefully, however, as more and more 
people are moving toward more use of technology, this might be a way of improving 
compliance with dietary logging in future studies.  Regardless, both study groups 
combined had a mean loss of total body weight (-0.26 ± 1.7 kg), body fat percentage (-
2.7 ± 1.9 kg), and body fat mass (-2.2 ±1.9 kg), with a gain of lean body mass (+2.0 ± 
1.9 kg) and according to the returned logs the average kilocalorie intake of the study 
groups declined over the course of the study.  
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Body Composition Changes 
 When looking at the body composition changes, compared to the previously 
mentioned Davitt et al. study, which most closely matched this study’s goals, there were 
both similarities and differences.  One of the major differences was the age of the 
participants with Davitt and colleagues using a traditional college aged population with 
an average age of approximately19 years old while the current study used an older 
study group with an average age of approximately 46 years old.  The Davitt et al. study 
showed small but significant increases in total body weight for both their resistance 
before endurance (R-E) and endurance before resistance (E-R) groups81, while the 
current study showed small but statistically insignificant decreases in total body weight 
for both groups.  Based on the baseline mean and the body fat percentage changes in 
the Davitt et al. article that showed an increase in body fat percentage of 0.64% in the 
E-R group and a decrease in body fat percentage of 2.99% in the R-E group, the E-R 
group gained ≈0.4kg of fat mass while the R-E group lost ≈1.8kg of fat mass with no 
significant difference between the two groups81.  The current study also showed no 
significant difference between the two groups in either body fat mass or body fat 
percentage.  Unlike the Davitt et al. E-R group who gained body fat81, the current 
study’s C-R group lost an average of 3.2% body fat (C-R -2.5 ± 0.9 kg of fat mass). The 
R-C group did not lose as much body fat at only 2.2% (R-C -2.0 ± 2.6 kg fat mass) as 
the Davitt et al. R-E group who lost 2.99% body fat81.  When looking at lean body mass, 
the Davitt. et al. study indicated that both groups had significant increases with the E-R 
group increasing 1.2 ± 0.3 kg and the R-E group increasing 0.6 ± 0.6 kg81.  While the 
current study did not show significance with the increase in lean body mass as the 
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Davitt et al. study did, it also showed increases in both groups for lean body mass (R-C 
+1.7 ± 1.7 kg; C-R +2.3 ± 2.1 kg), similarly to the Davitt et al. study.  The differences 
seen in the changes in body composition between the current study and the Davitt et al. 
study seem to indicate that there needs to be further research comparing the two 
protocols and various age groups with larger sample sizes to determine which is the 
most effective for body composition changes.   
While there were no statistically significant changes in any of the body 
composition variables when comparing the two groups, calculating the effect size 
between the groups shows that there is a practical significance for loss of body fat 
percentage (ES = 0.89) and increase of lean body mass (ES = 0.68) with the C-R group 
improving more than the R-C group in both cases.   Having a Cohen’s d of 0.89 for loss 
of body fat percentage would indicate that with this protocol there is a large practical 
significance in C-R in order to improve body fat percentage lost. This is regardless of 
the fact that there were not enough participants in the study to see statistical 
significance.  For personal trainers or individual exercisers who are planning a fat loss 
program, following this type of protocol in the cardiovascular exercise prior to resistance 
training order could improve their results.   
 
Maximal Strength Changes 
 When looking at the strength changes, the significant change with regard to the 
1RM deadlift were not surprising.  As was shown in the previously mentioned Kang and 
Ratamess review article, performing resistance training prior to cardiovascular training 
has been shown to increase strength, power, and hypertrophy75 so increases in 1RM 
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strength should have been expected with both the deadlift and bench press.  Wong et 
al. 2010 also showed that adding resistance to a cardiovascular program would 
increase 1RM tests13, as did Levin et al. 200952.  However, the current study does 
contradict the results of the Chtara et al. 2008 study showing that there was no 
difference in strength or power based on the order of concurrent training77 with regard to 
the 1RM deadlift.  Perhaps the conflicting results with regard to strength shows that 
there are further differences that need to be explored based on the intensity of the 
resistance training.   
 With all of this evidence that strength should have increased in more in both the 
1RM deadlift and the 1RM bench press for the R-C group, it is surprising to see that the 
between group practical significance for the 1RM bench press was small (ES = 0.30) 
while the 1RM deadlift was very large (ES = 1.50).  One could wonder if this is related to 
the demographics of the current study being only female and older than the traditional 
college aged population seen in exercise science research.  This should be explored in 
future research.  Regardless, within group practical significance shows that R-C 
increases strength more than C-R in both the 1RM deadlift (R-C ES = 1.15; C-R ES = 
0.42) and the 1RM bench press (R-C ES = 1.05; C-R ES = 0.71), showing that if 
increased strength is the goal R-C is the better choice for those planning an exercise 
program. 
    
Maximal Aerobic Capacity Changes 
 What was surprising with the current study is that the VO2MAX improved more with 
the R-C group than with the C-R group, both with a statistical trend (p = 0.057) and with 
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practical significance (ES = 1.57).  While the Wang et al. 2011 study indicated that 
performing endurance training prior to resistance training would increase mitochondrial 
biogenesis, which could theoretically increase aerobic capacity, they did not include a 
study group performing resistance training before cardiovascular training to see if there 
is a difference between the order of exercise that could account for greater aerobic 
capacity in a resistance before cardiovascular training group49.  The previously 
mentioned Chtara et al. 200576 and Kang and Ratamess, 201475 articles both stated 
that cardiovascular exercise should be done first in order to elicit greater increases in 
maximal aerobic power, which is contradictory to the current study results.  Although, 
Kang and Ratamess do mention that performing resistance exercise first can increase 
VO2MAX in the elderly75, seeing their results in a younger population is unexpected since 
it had not been seen in the previous research.  Perhaps this would indicate that a 
concurrent training protocol of resistance training before cardiovascular exercise would 
have a shift toward improving aerobic capacity at some specific biological age.  Further 
research needs to be performed in order to determine if there is a specific time frame or 
biological point in development (e.g., puberty, menopause, etc.) when there is a shift 
toward an improvement in aerobic capacity from an R-C protocol over a C-R protocol.   
 
Conclusion 
 In conclusion, while this study did not achieve a significant result with regard to 
the research questions pertaining to body composition, the results for aerobic capacity 
were very interesting.  In the future, additional protocols need to be in place in order to 
achieve better compliance with the dietary recommendations and decrease the dropout 
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rate of similar studies.  This protocol should also be compared to the protocols of other 
studies to see if there is a difference in the results.  Finally, similar protocols for 
resistance and cardiovascular training should be explored in other populations to see if 
there is a difference in results based on gender or age.  
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Appendix A:  American Heart Association/American College of Sports Medicine 
Health/Fitness Facility Preparticipation Screening Questionnaire 
 
Assess your health needs by marking all true statements. 
 
History 
 
You have had: 
_____ A Heart Attack 
_____ Heart Surgery 
_____ Cardiac Catheterization 
_____ Coronary Angioplasty (PTCA) 
_____ Pacemaker, Implantable Cardiac Defibrillator, or Rhythm Disturbance 
_____ Heart Valve Disease 
_____ Heart Failure 
_____ Heart Transplantation 
_____ Congenital Heart Disease 
 
Symptoms 
 
_____ You experience chest discomfort with exertion. 
_____ You experience unreasonable breathlessness. 
_____ You experience dizziness, fainting, or blackouts. 
_____ You take heart medications. 
 
Other Health Issues 
 
_____ You have diabetes. 
_____ You have concerns about the safety of exercise. 
_____ You take prescription medication(s). 
_____ You are pregnant. 
 
If you marked any of the statements in this section, consult your healthcare provider 
before engaging in exercise.  You may need to use a facility with a medically qualified 
staff member to guide your exercise program. 
 
Cardiovascular Risk Factors 
 
_____ You are a man ≥ 45 years. 
_____ You are a woman ≥ 55 years, you have had a hysterectomy, or you are 
postmenopausal. 
_____ You smoke. 
_____ Your BP is ≥ 140/90 mm Hg. 
_____ You don’t know your BP. 
_____ You take BP medication. 
_____ Your blood cholesterol level is ≥ 200 mg · dL -1. 
 83  
_____ You don’t know your cholesterol level. 
_____ You have a close blood relative who had a heart attack before age 55 (father or 
brother) or age 65 (mother or sister). 
_____ You are diabetic or take medication to control your blood sugar. 
_____ You are physically inactive (i.e., you get < 30 minutes of physical activity on at 
least 3 days per week). 
_____ You are more than 20 pounds overweight. 
 
If you marked two or more of the statements in this section, you should consult your 
healthcare provider before engaging in exercise.  You might benefit by using a facility 
with a professionally qualified exercise staff member to guide your exercise program. 
 
_____ None of the above is true. 
 
You should be able to exercise safely without consulting your healthcare provider in 
almost any facility that meets your exercise program needs. 
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Appendix B:  Demographics Questionnaire 
 
Personal Information 
 
Name: ________________________________________________________ 
 
Address: ______________________________________________________ 
 
City:   ____________________ State:  ____  Zip Code:  _______________ 
 
Home Phone: (___) _______________  Work Phone: (___) ______________ 
 
Cell Phone:    (___) _______________  
 
Email address: _________________________________________________ 
 
Birth date: ___ /___ /____  Age: ____ Height: _____ Weight: ______ 
 
Race:  ________________ Highest Education Level:  ______________ 
 
Previous Diet History:  ___________________________________________ 
 
______________________________________________________________ 
 
Exercise History/Activity Questionnaire 
 
1. Describe your typical recreational activities: _________________________ 
______________________________________________________________ 
______________________________________________________________ 
______________________________________________________________ 
 
2. Describe any exercise training that you routinely participate:  ___________ 
______________________________________________________________ 
______________________________________________________________ 
______________________________________________________________ 
 
3. How many days per week do you exercise/participate in these activities? 
______________________________________________________________ 
 
4. How many hours per week do you train?  __________________________ 
 
5. How long (years/months) have you been consistently training?  _________ 
______________________________________________________________ 
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Appendix C:  Nutrition Log 
 
 
 
Date: Week: Day:
Total 
Calories
Hunger 
Level
Carbo-
hydrate Protein Fat
1-Not 
Hungry; 10-
Extremely 
Hungry
1
AM / PM
2
AM / PM
3
AM / PM
4
AM / PM
5
AM / PM
6
AM / PM
Today I Feel: Energy Level
Total 
Calories
□ Energetic □   Humorus □   Depressed    □   High
□ Motivated □   Patient □   Overwhelmed    □   Medium
□ Joyful □   Sad □   Out of Control    □   Low
□ Calm □   Slow □   Angry
Journal:
Total Grams Each
Meal Time Total Grams
Nutrition Journal
Food/Drink Consumed
Be specific with serving size, brand, 
restaurant, etc.
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Appendix D:  Physical Activity Log 
 
 
Date: Page 1
Example:
Time Activity Minutes
Intensity Level 
(Very Very Light, 
Very Light, Light, 
Moderate, Hard) METs MET*min
8:00 AM Restroom 5 Very Very Light
8:05 AM Get Dressed 5 Very Light
8:10 AM Walk Dog 15 Light
Time Activity Minutes
Intensity Level 
(Very Very Light, 
Very Light, Light, 
Moderate, Hard) METs MET*min
Please fill out the following log of your daily physical activity, accounting for every possible 
minute.  Include the time, activity, minutes spent, and intensity level that you feel you are 
working.  See the sample below.  Do not complete the MET level or MET · min calculations 
as those will be done by study staff.
Physical Activity Log
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Date: Page:
Time Activity Minutes
Intensity Level 
(Very Very Light, 
Very Light, Light, 
Moderate, Hard) METs MET*min
Physical Activity Log (Additional Pages)
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Appendix E:  IRB Approval Letter 
 
Dear Dr.  Davis-Miller: 
 
On 2/17/2015, the Institutional Review Board (IRB) reviewed and APPROVED the above 
application and all documents outlined below. 
Approved Item(s): 
Protocol Document(s): 
AHA/ACSM Health/Fitness Facility Preparticipation Screening Questionnaire 
Assessment Log.xlsx 
Daily Nutritional Recommendations.xlsx 
Demographics Questionnaire 
Research Proposal 
Research Proposal with Track Changes 
Workout Record.xlsx 
 
  
 
 
Consent/Assent Document(s)*: 
Informed Consent .pdf 
 
  
 
 
*Please use only the official IRB stamped informed consent/assent document(s) found under the 
"Attachments" tab. Please note, these consent/assent document(s) are only valid during the 
approval period indicated at the top of the form(s). 
 
At the convened meeting, the IRB determined the review type of this minimal risk study be 
changed from full board to expedited category 9 (Continuing review of research, not conducted 
under an investigational new drug application or investigational device exemption where 
categories two (2) through eight (8) do not apply but the IRB has determined and documented at 
a convened meeting that the research involves no greater than minimal risk and no additional 
risks have been identified.). 
As the principal investigator of this study, it is your responsibility to conduct this study in 
accordance with IRB policies and procedures and as approved by the IRB. Any changes to the 
approved research must be submitted to the IRB for review and approval by an amendment. 
 
We appreciate your dedication to the ethical conduct of human subject research at the University 
of South Florida and your continued commitment to human research protections.  If you have 
any questions regarding this matter, please call 813-974-5638. 
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Sincerely, 
  
E. Verena Jorgensen, M.D., Chairperson 
USF Institutional Review Board 
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